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PREFACE TO THE THIRD EDITION. 



The call for a third edition of this little book, after two 
editions of two thousand copies of each have been ex- 
hausted within three years, is certainly gratifying to the 
author, and assures him that his aim to present it as an aid 
to the medical student in his pursuit of chemistry has been 
realized. He thinks that this compend has not interfered 
with more thorough reading from text-books, but has helped 
to make these better understood, and has thus rendered the 
path of the medical student in this direction less difficult. 

It was not found necessary materially to enlarge the sub- 
ject in this edition. But the text has been carefully gone 
over. A few errors were correcte'd, and several tables, of 
the elements, weights and measures with Tules for convert- 
in tr them, therm omctric .-.caUv, etc., were appended. 

Trusting that this issue will have the same generous re- 
ception from all parts of the country which lias been accorded 
to the former editions, the author hopes that it will he a 
welcome friend to the student, which will help him better to 
appreciate the subject under consideration, and in doing so 
extend his usefulness as a medical practitioner. 

L. W. 
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PREFACE TO THE FIRST EDITION. 



An extensive experience in preparing medical students for 
examination in Chemistry has satisfied tbe writer that the 
incomplete knowledge of this department of medical science, 
so often exhibited by students and physicians, is generally 
due to their inability to study tbe subject thoroughly with- 
out encroaching in too great a degree on the time required 
for the more practical branches of their profession. 

Most students appear to he justified in claiming that they 
have derived much profit from the systematic course of 
" quizzing" which is in vogue at the medical schools. This 
benefit is attributable, no doubt, to the fact that by this 
mode of instruction essential points are brought out in the 
form of questions which exact attentive consideration before 
adequate answers to them can be given. 

In the volume here presented the author has the samo 
object in view, and while he trusts that it will not he the 
means of dispensing with the deeper study of the subject, 
he feels assured that unless tbe frame-work of knowledge 
be first well constructed, substantia! progress will be quite 
impossible. 

If this little work shall tend to give students a better 
understanding of Chemistry, and with it a greater love, or 
perhaps less of a distaste, for the pursuit in connection 
with their medical studies, the writer considers that he will 
have achieved much of that which he attempted. 



VIM PREFACE. 

A-- Jin introductory course to Chemistrv in most, if not 
in till, medical college^ include!? the principles of Physics, 
Minn- essential question?- on this subject precede the chemi- 
cal part o! the work. Theoretical Chemistry, though treated 
in a M'parair chapter. i> also frequently referred to through- 
out tin- text. The classification of the elements is some- 
what at variance with the most modern ideas of pure 
Chemistry, hut it ha.*- been given with the view of pre- 
suming the matter in loirieal sequence to the medical 
miud. Toxicology has received ample consideration under 
the head of* eaeh element or compound which possesses 
markedly poisonous- projKTties. Analytical processes have 
been brought out as far a c compatible with the condensation 
of to large a Mjbjcd within so limited a space. No separate 
i-hapter or pari is. devoted to the "urine and its analysis," 
it.- components being considered in the order of their pre- 
ceili-iicu in ihe adopted arrangement. 

Tin: qiieMioius and answers of this Manual have been so 
arranged ah to conform to the principal text-books on the 
MihjeiM. For thin purpose the authoritative works of Fownes, 
Altlield, Uichter, Charles, Darker, and Witthaus, as well as 
Holland on the Urine, ami Draper and Ganot on Physics, 
have heen freely u.-ed iu its preparation. 

L. W. 

ruiLAi.KLPHiA, 1'a., 333 :>ouUi Twelfth St. 
August, lbSS. 
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ESSENTIALS OF MEDICAL CHEMISTRY. 



PHYSICS. 

Weights, Measures, and Specific Gravity. 

What is weight? 

The amount of force necessary to neutralize the attmctiot 
the earth upon a body. 
State the different kinds of weight. 

Apparent, absolute, and specific. 

Define these three. 

Apparent weight is that of a body in the air; absolute that in 
vacuo; specific, llie relative weight of a body in comparison 
with that of the same volume of some oilier medium. 
Which system of weights and measures is employed in 
chemistry and chemical operations? 

The French or metric system based upon the metre as unit. 

Give the subdivisions of a metre. 

It is subdivided into 10 decimetres, 100 centimetres, 1000 milli- 
metres. 

What are the terms for decimal multiples of the metre ? 

Ill metres equal to one dekametre. 
100 metres equal to one bektometre. 
1000 metres equal to one kilometre. 

State the unit of fluid measure of the metric system. 

The cube of one centimetre or one cubic centimetre, usually 
abbreviated as 1 e.c. 

How moch is one litre? 

1INKI cubic <":onlimctro8. 
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Give the unit of metric weight. 

One gram, equal to 15.432 grains. 

How is the gram derived? 

From a cubic centimetre of distilled water at its maximum 
density (+ 4° C). 

What are the decimal subdivisions of a gram ? 
1 gram=10 decigrams=100 centigrams=1000 milligrams. 

How are the decimal multiples of a gram designated? 

By Greek numerals. 10 grams = 1 dekagram ; 100 grams = 
1 hektogram ; 1000 grams = 1 kilogram. 

Give the equivalents in Troy weight of 1 gram, 1 kilogram, 
also in grams of 1 grain and 1 oz. Troy. 

1 gram = 15.434 grains ; 1 kilogram = 2.679 lbs. Troy ; 1 
grain = 0.065 grams ; 1 oz. Troy = 31.103 grams. 

* -What are scales and balances? 

Instruments to determine the weights of bodies. 

State what chemical balances are, and their principal parts. 

Instruments indicating at least one milligram, having knife 
edges on which the beams and hangers are equipoised. 

How are' chemical balances steadied, and how should they be 
kept? 

They are steadied by rests to keep them in a state of repose ; 
they should be well levelled on a solid foundation in glass cases 
to prevent the influences of draughts of air, weather, heat, dust, 
etc. 

By what means are minute differences of weight determined? 

By riders placed on notches on the beam. 

When a body is weighed in air and then in water, where is it 

the heaviest? 
When weighed in air. 

What is the loss of weight it experiences in water ? 
As much as the weight of the volume of water it displaces. 



WEIGHTS, MEASURES, ETC. 19 

What is its specific weight or gravity then ? 

The relative proportion between its weight in air and itB loss 
' weight in water. 

How is the specific gravity of a body heavier than water 
determined ? 
By weighing the body first in air and then immersed in water, 
determining the difference between the two, and then dividing 
veight in air by that difference. 

If a body is lighter than water how is its specific gravity 
obtained ? 

Attach it to another body heavier than water, the loss of 
weight of which in water lias been previously ascertained. Find 
out the loss in water of both together and deduct the loss of the 
heavier one from it; the difference will be that of the lighter 
body alone, with which divide its weight in air. 

If a body is soluble in water how is its specific gravity 



t 

By immersing it in another incompatible liquid of known sp. 
gr., dividing with its loss therein the weight in air, and then 
iultipljing with sp. gr. of the liquid used. 

State what a Pyknometer is, and how the specific gravity of 
liquids is ascertained with it. 

A specific gravity bottle having u jiIlim' stopper with a capillary 
opening through it, and usually of a size to contain accurately 
1000 grains distilled water at 4°C. If this is well filled with the 
liquid to be examined, and then dried externally and placed on 
the scales, the increased or decreased amount of the weight of 
divided by 1000 will give its specific gravity. The 
weight of the bottle in this operation must lie counterpoised or 
tared ; the tempera tore of the other liquid should be al CP U. or 
computed for that degree. 

What is the law of Archimedes ? 
A body immersed in water loses part of its weight equal to 
e weight of the displaced liquid. 
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State the position an egg will occupy in pure water and i 
a saturated solution of sodium chloride, and give 1 
reason for the same. 
In pure water it sinks, iu saturated Na CI solution it floats, 

haaute iliij liquid displaced by it in the pure water is lighter 

MM Hi Own weight and beewiat in the Sa CI solution, Urns 

bnqjfa{ U »p in the latter. 

What instruments are based on the above experiment, and 
what are they used for, and what are their names ac- 
cording to application? 
Hydrometers, used for readily ascertaining the specific glMltf 

of liquids, tailed, according to their use, urinonieters, alcoliolo- 

meters, lactometer)-, etc. 

How is the scale of hydrometers arranged ? 

Fur liquids heavier than water the Kit. gr. scale of hydrometers 
has 100U on top and the heavier marks below ; the hydrometers 
intended for taking the sp. gr. of tighter liquids is marked lOW 
at the bottom of the scale and the lighter degrees are above. 

What are urinometers, and what is the extent of their scales? 

Hydrometers intended lor taking the s\>. gr. of urine ; marked 
from 1000 at the top to about 1060 at the bottom. 
How is the specific gravity of a liquid observed by a hydro* 
meter? 

By partly BRtng the cylinder with the liquid to he examined, 
floating the instrument therein, then filling carefully to the top 
of the cylinder, and reading the mark over the lop of the liquid. 
How is the quality of good hydrometers ascertained? 

By i lanfng in various liquid* of known specific gravity and 

comparing the marks indicated with those known of the liquids. 






Heat— Th er mom eters . 

What is heat? 

A condition of matter manifesting itself by physical j 
BOmeai and convertible into other forms offeree. 
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They tend to equalize the; amount of heat they are respectively 
possessed of. 

If equal quantities of water of the temperature of 100 C and 
of 162° C. are mixed together what will be the tempera- 
ture of the mixture? 
The mean of the two or 131° C. 
If equal quantities of water at C. and mercury at 100° C. 
are mixed, what is the temperature of the mixture, and 
why? 

The mixture will be at 3.3° 0., hecause the heat capacity of 
water is 1001) to 0.033 for mercury; i. e., the water requires about 
33 times as much heat as mercury to elevate it to the same te 

What is the individual heat capacity of bodies termed, and 
how denned? 

Their specific heat, or the amount of heat necessary to rai 
the temperature of a body one degree compared with that t 
quired to raise the tempera I ure of the same weight of water oi 
degree. 
What is a calorie and what a thermal unit (English) ? 

The quantity of heat necessary to raise oue kilogram of water 
through one degree centigrade is one caloric (large) ; that neces- 
sary to raise one gram through oue degree centigrade is the small 
or chemical calorie ; that required to raise one pound of water 
through one degree centigrade, one thermal unit = 0.45 calorie 
(large) ; one large calorie = 2. 2 thermal units. 
What is the temperature of a mixture of equal weights of water 
of 60° C. and of 0°C? 

30° 0. 
What is the temperature of equal weights of water at 60° C. 
and ice at 0° C. ? 

rill remain at 0° C. until al! the ice is melted. 
Why is this so ? 

use the ice absorbs all the heat of the water to accomplish 
its change from the solid to the liquid state. 
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What is the heat absorbed by bodies in their change of state, 
not indicated by the thermometer, called? 

Latent heat. 

What three states of matter are there? 

Solid, liquid, and gaseous. 

What is matter composed of? 

Molecules and interspaces. 

What are molecules? 

The smallest physical units of matter. 

State the relative condition of molecules in solid, liquid, and 
gaseous bodies. 
In solids , the relative positions of the molecules are fixed, and 
cannot be changed without the expenditure of more or less force. 
In liquids, the relative positions of the molecules are not fixed, 
they glide past each other coherently, while in gaseous bodies the 
molecules repel each other, and tend to occupy larger spaces. 

If a metal ball fitting closely into a ring be heated and then 
placed in the ring, what is the result ? 

It will no longer pass through it until it again returns to its 
ordinary temperature. 

What can be said to be the effect of heat on bodies, and what 
on different forms of matter? 
They are expanded by increase of temperature, and contracted 
by its decrease. The expansion in solids is small, in liquids 
greater, and for gases the greatest. 

As matter is composed of molecules and interspaces, which of 
the two are thus expanded by heat? 
The interspaces, as the molecule is a unit, and cannot increase 
or decrease in size. 

What is a thermoscope? 

A glass bulb containing air connected with a narrow tube con- 
taining a liquid. Very slight variations of temperature are in- 
dicated thus by a change of position of the liquid. 
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If a bulb of alcohol or mercury or other liquid, to which is 
attached a narrow tube, in heated, what is the result? 
Tlie liquid ascends in the tube. 

What are thermometers? 
lustrums.' lit.- im- measuring temperature. 

How are they constructed? 

They consist of a bulb of liquid attached to a dosed and air- 
less capillary tube ; this latter is graduated to indicate the de- 
grees of temperature. 

What thermometers are principally used, which preferably, 
and why ? 

Alcohol and mercury thermometers ; the hitter preferably, 
because the mercury does not tret the glass tube, aud does uot 
boil so readily as alcohol. 
When are alcohol thermometers to be preferred? 

To measure very low degrees of temperature when mercury 
would Freeze. 

Which are the principal scales of the thermometer in use ? 
Fahrenheit aud Ceutigrade (Reaumur also). 

How is the Fahrenheit scale graduated ? 

It is divided into 212 equal divisions or degrees, the lowest 
of which is a mixture of equal parts of sal-ammonia and snow, 
and the highest the boiling point of pure water ; the freezing 
point of water on this scale is 32°. 

How is the Centigrade scale graduated ? 

By division into 100 equal parts or degrees, the space of expan- 
sion from the freezing point to the boiling point of pure water. 

,' Which is commonly used, and which in chemistry? 

The Fahrenheit scale is in common use in this country, the 
Centigrade scale in chemistry. 

How are degrees of Centigrade scale converted into those of 
Fahrenheit ? 
As the number of degrees between the boiling aud freezing 
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point of water in Centigrade istliniaml in Fahrenheit 212— 
1H*I, the proportion would be 

100 : 180 -i- degree to be converted : x 
by division with 20 it would read 

G:9-=-cent. : x 
i. c, the degree to in: converted is multiplied with !), the r 
divided by 5, anil ',Vi added Id the result, as per following formula ; 

How are degrees of Fahrenheit converted into Centigrade? 

From the degree to he converted :(2 is subtracted, the diffe 
eneu is divided by 0, and the quotient multiplied by 5, as p 
Fahr. - 



following formula : -- 



- X5 = Cenligrade. 



What are clinical thermometers, and what their range ? 

Thermometers for determining the temperature of the body, 
Their scale ranges usually from W~\W F. 

What are self-registering thermometers, and what are inde- 
structible regiBteis? 

Thermometers which have a small separate column of n 
cury, which is shoved up by expansion, hut does not contra 
with the main column, are called self-registering, If these ri 
terB are ho arranged that they cannot slip down, or he shaker 
down into the bull), they are called indestructible. 

Why are new thermometers usually incorrect, and what si 
be done with them? 

On account of the contraction of the glass going on for si 
years, they should for that reason be seasoned at least t" 
years before being marked. 

How are thermometers standardized? 

They are compared, at their different degrees, with other in- 
struments known to be correct. 
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MAGNETISM. 



ition of loadstone. 
Magnetic oxide of iron : Fe a O, = FeO.Fe,Oj = Ferrous-ferric 

Describe natural, temporary, and permanent magnets. 

Loadstone is a natural magnet. Soft iron, in which magnet- 
ism is induced, is a temporary magnet. Steel, when magnetized, 
a permanent, artificial magnet. 
magnetic poles and what neatial lines! 
of magnetic bars are termed their poles ; the middle 
them, which has no power of attraction, is their 
line. 

State what the magnetic axis is. 
The shortest lines between the poles. 

Which is the noith pole and which is the south pole of a 
magnet in this country ! 
The pole pointing to the north is the north pole, that pointing 
to the south the south pole ; in France and China the reverse 
terms are in use. 

When particles of soft iron are in contact or influenced by a 
magnet, what do they become in torn? 
Temporary magnets. 

Give the action of a magnet on iron filings. 

They become, each particle, magnets of more or less strength, 
and consequently arrange themselves into tufts. 
What is magnetic induction? 

The production nf mnsjnc 'tism in other substances cither by 
direct or indirect contact. 
Can magnetism be indaced by contact only? 

No, it may even act through dillereut media, such ns glass, 
paper, etc. 
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Does iron alone show magnetic polarity? 

Its compounds also, as well as those of nickel ami cobalt, giv< 
evidence of it. 

If a magnet is broken in two or into many pieces, what is the 
magnetic condition of each piece ? 
Each piece is n distinct inajjni'l with ilifl'creiit poles, as I 
kind of polarity cannot exist without the other. 

What is the hypothesis of magnetism ? 
That each molecule of a magnet shows magnetic polarity. 

If a magnet is evenly balanced or suspended in the middl 

what position does it assume 1 

It places itself in the direction of the magnetic poles of tho 

About what distance are the terrestrial magnetic poles from 
the true poles? 
More or less 1000 miles, varying according to the magnetic 

Give the meaning of declination of the magnetic needle, 
The angle it makes with the meridian. 

What instrument for orientation is based upon the north and 
south direction of the magnetic needle. 
The mariner's compass. 

State the result of approaching the north end of the magnetic 
needle with the north pole of a magnet. 
The needle point is repelled, and if the nortli point is ap- 
proached by the south pole of a magnet it is attracted. 

What law is based upon this? 
Like poles repel, unlike attract. 

If an unmagnetized steel needle is suspended in the middle 
and subsequently magnetized, what occurs besides its 
orientation ! 
It dips towards the poles, increasing in this respect the nearer 

it approaches them. 
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What is this called ? 
The dip or inclination of the magnetic needle. 

What is a horseshoe magnet, and what is its object? 

A magnetic bar bent in horseshoe shape, the two poles thus 
acting by induction upon each other, ami iuereasiug each other's 
power. 

What is a magnetic battery or a Germain magnet 1 ? 

A series of magnetic steel plates joined with their s 
poles, making the magnet very powerful. 
What is an armature ? 

A piece of soft iron closing the space between the poles of the 
horseshoe magnet, intended to preserve its magnetic force, which 
would otherwise he gradually lost. 

Are other bodies besides those known as magnetic affected by 
magnetism ? 

Many bodies are no affected, especially the metals, hut in 
much less degree than iron, nickel, and cobalt. 

What is paramagnetism? 

The power of magnets to direct substances allceted by them in 
an axial position, t c, parallel with the magnetic axis ; such as 
iron, nickel, cob-ill. manganese, chromium, etc.; the substances 
so affected arc called paramagnetic. 

What is diamagnetism ? 

The power of magnets to give certain substances, influenced 
by them, a direction at right angles to the magnetic axis; such 
as bismuth, antimony, zinc, tin, etc. These are called diamag- 

When two magnetic bars of equal power are joined with un- 
like poles together what is the attracting force of tin 
two together? 
They neutralize each other, and have no attracting force. 

What are astatic needles ? 

Magnetic needles placed so that the north end of the one ii 
counteracted by the south end of the other. They lose their 
power of orientation. 
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ELECTRICITY. 

Wlut u TnutkUniimf 

Fruiiaoal or *ta tic electricity : a physical condition produced in 
certain bodiea, rach ax glass or resins, by friction with silk, wool, 
or cut* Inn. 

Whit are iU principal properties? 

Theme 0? attracting small light bodice such a 
etc., and of repelling them on contact. 

Bow is thii best shown 7 
By an electroscope. 

Describe a gold-leaf electroscope. 

It i* an iriMlrunu-nt for detecting electricity, consisting of two 
strip* of gold leaf suspended together at c 
anil connected through the cover with a metallic bar and knob. 
When the latter is touched or approached with an electrified 
body the two strips fly apart, because they become equally elec- 
trified and repel each oilier. 

What electricity it produced by the friction of glass? 
Vitreous or positive electricity. 

What from resins? 
Resinous or negative electricity. 

What are conductors, and what are non-conductors of elec- 
tricity? 

Bodies conveying it are conductors ; bodies not capable of con- 
veying it are non-conductors. 

What is the law of conductivity? 
Conductivity is inversely to resistance. 

What are insulators? 
ion-conductors. 
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What is the law of electric attraction and repulsion? 

Bodies charged with the same electricity repel each other; 
bodies charged with opposite electricity attract each other; 
like electricities repel, unlike attract. 

How is electricity distributed in bodies? 

On the surface, with increased polarity at projections, from 
which, if sufficiently attenuated, it may evcu discharge itself 
into the surrounding air. 

How may electricity be produced besides by friction 1 

By induction; electrified bodies attracting in neighboring 
bodies, not in contact with them, electricity of a ditTereut de- 
nomination towards them. 

What is the arrangement of simple cylinder electric machines? 
They consist of a glass cylinder, which, by a crank, may lie 
rotated against a silk cloth or cushion containing amalgam. 
Close to this cylinder is an insulated metal globe which presents 
a number of points towards it. As fast as the positive electricity 
is exerted in the glass, the negative induced in the globe escapes 
to it from the points, and leaves the residuary positive electricity 
hi the metallic insulated globe to increase with each rotation. 

What is an electrophorus I 

An apparatus by which, through difference of potential and 
induction, considerable electricity may be stored up and dis- 
charged. It consists of a metal cover with an insulated handle 
placed on an electrified layer of shellac or resin ; in this way its 
lower surface becomes positive and the upper negative. If the 
negative is discharged the more positive accumulates, and if 
lifted off will give a positive spark. 

What is a Toepler-Holtz machine, and upon what principle is 
it based ? 
An electrical machine consisting of two upright glass plates, 
one stationary, and of uneven potential, which by rotation is 
multiplied, and by induction stores up electricity in the armature 
of Hie fined plate. The principle is similar to that of the elec- 
trophorus. 



Ill I 



K8SKNTIALS Of MKDICAL CHEMISTRY. 



What is an electrometer? 

A pith Imil attached to a movable lever repelled from a knot 
cleetrilled will) the same denomination, thus indicating the 
o Ice trie tension. 

What are Leyden jars, and what batteries ? 

[nitnunents for the accumulation of electricity ; they consist 
of tfla-»« jar* coated inside and outside with tinfoil, the i 
Wing ronnected with a wire and'knob. When the outer c 
DOOtl with the earth and the inner will) an electrical apparatus 
limy Ikmiiiii! charged respectively with negative and positive 
electricity, and when so charged may be discharged and give rise 
to a spark. If several such jars arc connected together 
in in. i their effect, Lhey arc termed an electric or Leyden battery. 
What is the character of electric sparks? 

They move in the air in broken lines, as the air offers n 
iini'i- lit l.heii' passage by becoming condensed : thus the zi 
OWMM of lightning. 

What are the phenomena displayed by insulated electrified 
persons? 

Their hair, when dry, stands on end, and sparks may be drawn 
from their bodies. 

State the medical use of static electricity. 

In nervous affections, hysteria, and palsy, the patient h 
insulated, and sparks drawn from him, then muscular contr 
tions will ensue. 

What is thermoelectricity ? 

The electricity produced when two different metals joined b 
getber at each end have their joints unevenly heated; I 
strength of this depends on the difference of tomporatut 
twecn the two joints. 

What are the thermoelectric batteries or piles ? 

A combination of thermoelectric pairs, principally ofliismul 
and antimony, or platinum and iron, so that beat may lie a: 
plied to, respectively, the first t, third, lifth, etc., joints, while tl 
others are kept cool. 
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What is the principal use of thermoelectric piles or batteries? 
To indicate slight changes or temperature by its clfect uiion 
the needle of the galvanometer. 

What is galvanism ? 

Chemical electricity, also termed voltaism, also dynamic elec- 
tricity ; the electricity produced when two bodies are immersed 
in a liquid, acting on them with unequal chemical ent 

What are the bodies generally employed for this purpose, and 

which are the principal ones? 

The metals more generally, and zinc always one of them. 

Thus, zinc and copper, zinc and carbon, zinc and platinum, 

zinc and silver, etc. 

What are sneh two plates termed, and what a series of them T 
A voltaic couple or element ; a scries of them a voltaic column 

Which is the positive and which is the negative plate? 

The one being acted upon more energetically is termed the 
generating plate and has a higher jxitcittml; the current flows fro 
it to the hnrcr potential ,- the plate from which the current no* 
in the liquid being termed the /^mtire, while the one to which it 
flows through the liquid is Uie negative. 

When the two plates are joined outside of the liquid by the 
polar wire, in which direction does the current flow 
therein ? 

The outside current flows from the negative plate to the posi- 
tive. The ends of the wires are termed pules or efcrfcWcs-, and 
their denomination is the opposite from that of the plates they 
are attached to. Thus the one attached to the negative plat* 
is at its termination called the positive pole or electrode, while 
the other attached to the positive plate forms the negative pole. 

What are the positive and negative poles also called? 

The positive pole is called anode, and the negative pole ka- 
thode. 
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If plates of zinc and copper are immersed in dilute snlphi 

acid, and connected outside of the fluid by a wire, what 

results? 

There will bo an energetic chemical action at the zinc plate, 

but the disengaged hydrogen will accumulate at the copperplate 

iti such a measure as soon to stop the galvanic current passing 

through the wire ; the copper plate it then said to be polarized. 

What is then polarization of the plates, and how avoided? 

Polarization of the plates means the accumulation of disen- 
gaged gas thereon, and the consequent interruption of the c 
rent. The polarization may be corrected tiy mechanical means, 
such as shaking, etc., or, as shown subsequently, 1 
arrangement of the fluid or fluids, so that the disengaged hydro- 
gen wil! be chemically bound in the fluid. 

TSTiy should the zinc plates be amalgamated? 

To overcome local action or currents caused by the impurities 
of the zinc and other metals present therein. 

What are galvanic elements, and what batteries? 

A single cell, containing two plates of diiUivnt potential, im- 
mersed in suitable buttery fluid in a stone, glass, or rubber Vessel, 
constitutes an element ;and a number of them, properly arranged 
or coupled, are termed a galvanic battery. 

What is a Dauiell's element? what its advantage? about what 
is it equal to in electromotive force? and what is the ob- 
ject of its arrangement? 
A glass vessel containing a saturated solution of copper sul- 
phate, and in tins a copper cylinder. Immersed in the copper 
solution, and inside the copper cylinder, is a porous cup tilled 
with dilute sulphuric acid and containing a zinc cylinder. Its 
constancy of action makes it of special advantage, and it is for 
this reason that its electromotive force is accepted as a unit or 
nearly so. The principle of its action is chemically to overcome 
polarization; for as the hydrogen from the zinc passes to the 
copper it decomposes the copper sulphate solution, substituting 
the atom of copper of the ( 'uS( >_, forming thus H,SO, ; the. lib- 
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erated copper is deposited on the oulside copper cylinder, while 
the newly -formed 11 fi'-' t pas.--cs into the porous vessel to act ou the 



Describe the arrangement of a Grove's element, 

A two-fluid cell, containing, outside, zinc, immersed in dilute 
sulphuric acid ; inside the porous cup is si platinum slip in nitric 
acid. The hydrogen evolved at the zinc, and passing to the plati- 
num, decomposes the nitric acid, thus also chemically preventing 
polarization. 

What is a Bunseii's element? 

A two-fluid cell, arranged similar to Grove's, with a com- 
pressed gas retort carbon being substituted for the platinum. 
The object and principle arc the same as in the former. 
What is a Smee's element, and how is polarization prevented 
by it? 

A single fluid cell, in which a platinum sheet is immersed in 
dilute sulphuric acid between two zinc plate*. The platinum 
sheet is covered with small fragments of platinum, or a silver 
plate covered with finely divided plalinum may he substituted 
for it ; the platinum particles mechanically aiding the disengage- 
ment of the hydrogen from the platinum. 

Describe the arrangement of a Grenet cell. 

A one-fluid cell, containing two fixed carbon plates, immersed 
in a battery fluid of sulphuric acid and potassium bichromate. 
Between the carbons is a zinc plate which can he lowered into 
the fluid to set it in action. The object of the potassium bichro- 
mate is to form chromic acid, which oxidizes the hydrogen into 
water. 
Give the arrangement of a Leclanche element. 

A porous cup containing a carbon rod, surrounded by pieces 
of peroxide of manganese and gas carbon. Outside the porous 
cup ia a saturated solution of ammonium chloride, and immersed 
in it a rod of zinc, 
What is a Calland's or gravity element? 

A modification of Danlell's element, doing away with 
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porous cup. It consists of a star-shaped copper plate at the 
bottom of the vessel, which is surrounded by pieces of copper 
sulphate ; it is immersed in a saturated solution of the same sub- 
stance. The upper half of the vessel is occupied by dilute sul- 
phuric acid, which, by the difference of density, floats on the cop- 
per solution, and contains suspended in it a star-shaped arrange- 
ment of zinc. Its action is the same as in the Daniell, and is 
very constant ; it is principally used in telegraphy. 

What is the electrical tension or potential ? 

The electricity accumulated at certain points. 

What is electromotive force? 

The amount of electricity generated by an electrical battery. 
It is generally accepted as the difference of potential of the two 
plates. 

What is the electromotive series of metals? 

The arrangement of metals according to their electrical de- 
portment ; the most electropositive being at one end and the most 
electronegative at the other, as follows : 1. Zinc. 2. Cadmium. 
3. Tin. 4. Lead. 5. Iron. 6. Nickel. 7. Bismuth. 8. An- 
timony. 9. Copper. 10. Silver. 11. Gold. 12. Platinum. 
13. Graphite. Thus iron in dilute sulphuric acid is electronega- 
tive to zinc but electropositive to copper. 

What is the law for the electromotive force between two 
metals? 
That the electromotive force between two metals is equal to 
the sum of the electromotive forces between all the intervening 
metals. 

What is a volt? 

The unit of electric pressure or electromotive force. It is 
about the electromotive force of one Daniell's element. 

What is generally understood by the electric current ? 

The current of electricity passing through the wire. 

What is the direction of the outside current ? 

From the electronegative plate (carbon or copper), to the 
electropositive (zinc). 
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On what does the current strength depend, and by what ia it 
diminished ? 

The current strength depends on the amount of electromotive 
force, and is diminished by the resistance which it encounters. 
How may the relations then be stated? 

The current strength is directly proportional with the electro- 
motive force and inversely with the resistance. 

What is the resistance, and what two resistances do we en- 
counter in a galvanic cell » 
The force opposing the flow of the current is the resistance ; 
that existiug in the liquid between the plates is termed, internal 
resistance; that diminishing the conductivity of the wire is 
called externa! resistance. 

What is the law governing the resistance of a conducting wire ? 
Tho resistance is inversely as the cross section, and directly 
as the length of a conductor. 

What is the unit of resistance ? 

The "Ohm;" the resistance offend by a column of mercury, 
104.81 centimetres long, one square millimetre in .section atO^C. 

What is the unit by which current strength is computed? 

The ampere ; the current strength of one volt of electromotive 
force passing through a circuit having one Ohm resistance. 
How may the current strength be computed? 

By the Ohm's law ; the current strength is equal to the elec- 
tromotive force divided by the resistance, as per following 

formula : C = R 

Of what advantage is the application of the Ohm's law in 
galvanism ? 

The advantageous coupling of the elements with a view to 
greater intensity or quantity. 

When is the combination best for producing intensity ? 

By increasing the internal resistance; i. e., coupling the dif- 
ferent elements separately as such, as needed in galvanization 
of muscles and nerves, and also in electrolysis. 
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How are the elements to be conpled for quantity* 

Hy combining all tlin /.im*s together rind also the carhous, tl 
diminishing internal resistance; this is the combination e 
ployed fur giihano-euiitery ami lighting purposes. 

How ii electrio light produced for medical purposes? 

I)y paBsinij; a galvanic current of quantity through a carbon 
llliimnnl. or platinum wire contained iu an airless glass globe, 
when tlm resistance to tlie current will produce the luminous 

■Shot. 

What is the principle of the galvauo-cautery ? 

A I bin platinum wire by tlie passage ol'a quantity of electricity 
will be intensely ln:iitu<J, and can then ha applied for cautery 

porpoMi, 

What is the effect of an electric current passing around a mag- 
notic needle T 
It will dulled the needle from its position. 

In which direction is the needle deflected hy the galvanic 
current 1 
This depends upon the direction the current passes, and if 
above or below the needle. For ready com pie hens Lou a person 
may imagine himself Heating in the current with the head in 
direction of the current and facing the needle, when the uorth 
end of the needle will be deflected to the left. 

What is a galvanometer? 

An instrument so arranged as to indicate by the deflection ol 
the needle tlie existence, direction, and intensity of currents. It 
is generally composed of astatic needles and multipliers. 
What instruments are employed to indicate the current strength 
for medical purposes? 

Those indicating the amount of amperes, or rather milli-a 
pcrcB, passing through the circuit. They arc termed ampere 
niilli-ampere-meters. 

What is the effect of an electric current passing around » 
iron? 

It makes a very powerful temporary magnet. 
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When the current is broken or opened, and when made or 
closed, what takes place, and to what urn-pose is it ap- 
plied? 

The iron is magnetized vrlien the circuit is closed, and Incomes 
demagnetized when opened. On these phenomena the electric 
telegraph is based. 

What is Faradism ? 

The electricity developed by induction From the galvanic 
current. 
How can this he illustrated? 

By placing a wire, not connected with any battery, close and 
parallel with a wire connected with a galvanic battery ; there 
will be an electrical manifestation in the former every time the 
galvanic current is made or broken. 

How does the induced current make iiself manifest, and in what 
direction does it flow? 
It is not a steady current, dclleeUiig tlie galvanometer needle 
only at the time the primary current is closed or open. When 
the current is closed, it flows in an opposite direction to the 
primary current, but on breaking it is reversed. 
Has the raradic current chemical properties, and if not, why 
not? 

It lias no chemical powers, because it is a to and fro current, 
and its action in one direction is neutralized by the return flow. 
How may very powerful electric manifestations of the induced 
current be developed ? 
Y multiplying the secondary wire. 

What are the instruments fjr this purpose, and component 
parts? 

Ruhmkorft" coils ; consisting of a primary coil, an iron core 
therein, an automatic hrrak[iiire or interrupter, n secondary coil, 
and an accumulator or condenser For the extra current. 
Which is the longer, the primary or secondary coil? 

The secondary, which is on the outside, and often contains 
many miles of wire. 
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What i« the object of the iron core? 
To attract the brcakpicce when it becomes n 



LriH-tized. 



What is the breakpieoe? 

A spring cnnuecliiiji with the primary wire by a small plate of 
platinum, ami having a small hammer cml, which is attracted 
when tho core is magnetized; it thus breaks the current, and 
springs back when the core is demagnetized, when the 
is again made. 

What does the condenser consist of, and what is its object? 
It consists of layers of glass covered with tinfoil, acting on 
principle of a Leydon jar. It accumulates and condenses 
extra current. 

On what principle are medical faradic batteries constructed 

Similar to that of the Ruluukortf coil with a Grenet cell to 
nish the primary current. 

What measures should be adopted to insure the good working 
of a faradic battery? 

Tho interrupter should be kept live from rust and 
material ; all connections should lie ti^lil, insulations should be 
coujpleLe, and the battery tlnid should not he allowed to dry out 
or become decomposed. 

When the purely faradic current is employed, does it a 
how the poles are disposed of? 

No ; as the current goes both ways. 
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What is the principal use of the faradic current in medicine? 
To excite nerves or bring about muscular contractions, both 
for diagnostic and therapeutic purposes. 

What is the use of the constant galvanic current in medicine? 
For nerve stimulation, for cautery, and for its chemical effect. 

What is the chemical effect of the galvanic current, and what 
is it termed ? 
The chemical decomposition of compounds in a fluid state ; 
it is termed electrolysis. 
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What takes place when water is subjected to electrolysis, and 
how does it take place 1 

It 18 decomposed into its constituent elements, hydrogen ;uid 
oxygen. The hydrogen accumulating at the negative ( — ), tlie 
oxygen at the positive ( + ) pole or electrode. / 

What are substances called subjected to electrolysis ? what the 
results? what are those which go to the positive an.l 
those that go to the negative pole 1 
The products of decomposition are termed IONS; the subjects 

for electrolysis arc electrolytes ; those which go to the negative 

pole, the kathode, kathious ; those which go to the positive pole, 

the anode, anions. 

What takes place if a galvanic needle is inserted in the human 
body? 
The salts and fluids are decomposed : alkalies and hydrogen 
go to the negative ; oxygen and acids go to the positive pole. 

What is electrolysis used for in medicine ? 

For removing tumors, hairs, ntevi, warts, etc. 

In the electrolysis of tumors, what needle should be insetted into 
them, which in aneurisms, and why ? 
The electronegative in tumors, the electropositive in aneu- 
risms ; because the alkalies at the negative pole liquefy the tissues, 
while the acids at the positive pole condense them, aud coagu- 
late the blood. *— ' 
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e which treats of the compos 



What is chemistry ? 

That branch of phs'Sii 
t ion of matter. 

"What are physical, what chemical changes? 

Physical changes an! those which do not affect the composition 
or construct ion of the molecule ; clmmical changes, those alterinj 
itB character, and thus changing matter itself. 

What is chemis.n ? 
That form of attraction which takes place between atoms. 

What is a molecule ? 

The smallest particle of matter thai can exist hi a free state 
and cannot be divided without losing its character. 
What is an atom ? 

The chemical unit of matter produced hy the breaking up o 
the molecule. 

How may matter be subdivided ? 

Into simple or elementary ami compound matter; termed n 
lively elements and compounds. 

Define simple or elementary and compound matter. 

Matter made up of molecules, containing like atoms, i 
mentary ; that whose molecules are made up of dissimilar atom 
is termed compound. 

How many elements and therefore different kinds of atoms a 
known ? 

At the present time about sixty-sis are definitely known s 

How are atoms designated in chemical notation ? example. 

By symbols, consisting of the first, or the lirst and some other 
letter of their Laliu name. H for hydrogen, B for bismuth, 
Pl> for lead (Plumbum}, Hg for mercury (hydrargyrum), etc. 
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What do symbols express besides the atomic character ? 
The atomic weight. 

What is atomic weight ? 

The relative weight of an atom in comparison with the hy- 
drogen atom as a unit. It also expresses the smallest quantity of 
an elementary subsiana; capable of entering into the formation 
of a chemical compound. 

In which way is the quality of the combining power of an atom 
expressed ? 
By its electrical polarity in relation to another atom. Thus, 
atoms are either eki-trop'tf'tivi:, !. e., accumulating at the electro- 
negative pole, or tledrontgattve, 1. e., accumulating at the electro- 
positive pole during the electrolysis of a compound. 

Is the electro-chemical character of atoms definite or relative ? 

It is relative in so far that an atom La electropositive towards 
some, electronegative towards others, but it is definite in these 
relations ; thus, the metals are electropositive to the metalloids, 
and these are electronegative to the former. 

What is the quantity of atomic combining power ? 

The fact that some atoms can combine with one atom of hy- 
drogen, and others with two, three, and more of it, demonstrates 
the quantitative combining power of atoms. 

What is then the equivalence of an atom T 

The quantity of its combining power expressed in hydrogen 
units, or the number of hydrogen atoms it can combine with, or 
be exchanged for. 

How is the equivalence of atoms expressed, and how is it writ- 
ten in notation ? 
Either by the use of Greek numerals, as monads, dyads, triads, 
tetrads, pentads, hexads, and heptads, or by .Latin numerals, 
as univalents, bivalents, trivalents, quadrivalents, quinquiva- 
lents, sexivalents, and seplivalents. In chemical notation this 
is expressed by placing Roman numerals above, and to the right 
of the symbol : H'. O". N' 1 . C 1T . As^. S". CI™. 
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How may the equivalence of the atom he graphically repre 
sen ted? 
By illustrating the atom as a small ring or dot or symbol, a 

the equivalence by lines radiating from il ; these lines iire tern 
bouda, as follows ;— 

6 -o- y A -^ ^ & 



When an atom combines with another in several proportions, 
what characteristic series appear, and into what two 
groups are they accordingly classed ? 
Its higher compound always increases by two, as 
stance, 1, 3, 5, and 7, or 2, 4, and 6. These two can nev 
change, and the series whose equivalents are in even 
are termed artuids, while the odd are called jiertsucufe. 
In which way are multiples nf atoms expressed in chemical 
notation ? 
By placing small Arabic numerals to the right and below the 
symbol, for instance, Cl„ O,, As,. 

What do groups of atoms represent, and what is their chemical 
notation termed? 

They represent a molecule, and their designation in chemical 
notation is termed a. formula; for example, NaCl, H,So n etc. 
How are multiples of molecules expressed 1 

By inclosing their component symbols in parentheses and 
placing a small Arabic numeral outside to the right and below, 
or by placing a larger numeral before the molecule without 
parentheses; thus, (NaCl), = 2 NaCl. 

In which way is a reaction to take place between two chemical 

bodies designated, how its completion, and how the pro- 
duct or products? 
Before the reaction lakes place they are separated by a plus 
sign (-(-), the union complete by an equation sign (=), and the 
product by its formula, or, if more than one, they are separated 
by plus signs ; example, NaOII + HC1 = NaCl + IL.O. 
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What are empyrial, what rational, and what graphical 
formula? 
An empyrial formula ia one expressing the kind and number 
of atoms in the molecule. A rational l'i>rniul;i indicates, besides 
this, the arrangement of the atoms in the molecule. The 
graphical are simply illustrations of rational formula;. 



What two kinds of molecules can be chemically distinguished? 
The elementary molecules composed of atoms of the same kind, 
and the compound, composed of alums of dissimilar elements. 

Qise the definition of molecular weight 

The sum of the atomic weights of a molecule. 

How may compound molecules be classified? 

Binary molecules in which the atoms unite directly, and 
ternary molecules in which the atoms are indirectly unite 

Of how many kinds of atoms are binary molecules always com- 
posed? 
Of only two different kinds of atoms. 

What is the mle for naming binary molecules? 

As they must be composed of electropositive and electro- 
negative elements, the electropositive is always placed with its 
full termination first, while the electronegative has its terminal 
syllable changed to "ide"; thus, potassium chloride, hydrogen 
sulphide, calcium lluoride, etc. 




By Ike prefix of Giwk WHoerals, swh as rartoa dioxide, sul- 
phur trioxidc, nitrogen U trwsjJe. arsenic peutcotide. Some- 
times the multiple of the rkrairopositii* ' 
to in di-nitrogeo tetroxkle, dt-ftraeuic \fi irfnriiki 



Whai are eomp* 

Unsaturated molecules, not existing in a free State, hat cap- 
able of uniting directly with an atom or a similar coutpouud to 
fonu saturated uioiet.uli.-s. 
What it the rule for naming them anl their compounds with 

That llicy end in yl ; example : HO— Hydroxy! ; but some, as 
amMogenHH,— Cyanogen CN— differ io this. Their compounds 
w ilh irtooH are subject to the same terminology as binary 
molecules. 
What ii a ternary molecule? 

One in which two dissimilar atoms are united by t 
third having linking Functions. 
Which are the atoms having linking functions 1 

The principal one is oxygen, hut sulphur, selenium, an* 

li Mini nUi) pMMM this function. 

What three classes of ternary molecules are distmguished? 

Adds, bases, mid suits. 
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What two kinds of acids do we distinguish ? 
Binary or nydraeids, mid ternary or osy* 

Give the definition of an acid. 

A compound of hydrogen with an electro negative which can 
give up its hydrogen for the metal of a base to form a salt. 
How is an oxyacid constituted? 

It is a compound in which hydro 



i is united by oxygen to 



nitcd by oxygen to an 



electropositive atoms are 
electronegative atoms. 



an electronegative. II— O— R. 

What is a base 1 

A compound containing hydrogen 

electropositive. H— O — R. 

What is a salt? 

A compound in which one or mor 
uuited by oxygen to one or moi 
B— O— E. 

What are the characteristic properties of bases, and what of acids ? 

Bases turn turmeric paper brown, and reeldencd litmus paper 
blue ; acidB turn blue litmus paper red. 
Upon what type may the above be said to be formed ? 

The water type, bewiu.se by replacing one H or H-O-II with 
11 an acid is formed, by Hfi base ; by replacing both II, one with 
R the other with it, a Bait results. 

What names are applied to the bases ? 

Considered as compounds of the radical hydroxyl, they arc 
named hydroxides or hydrates ; thus, KOH poLassium hydrate, 
NaOH sodium hydrate. 

What terminal endings are affixed to the acids? 

Acids arc expressed by the affix of "ic" to the abbreviated 
electronegative. The hydracide besides receiving the prefix 
" hydro," the higher aeids of an acid, terminate in " ic," the 
lower in "ouh." Thus, IIC1 hydrochloric acid, Il^O, sulphuric 
acid, H,SO, sulphurous acid. 
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Wlint in (: the names of salts wording to the acids used in 
formation 1 
II ydrarlds form binary compounds, coding in " kle ;" 
U|<U Iipiui " ate" salts ; " ous" acids form "ite" salts ; 
"hypo" Kids form hypo-ites; "per" acids form " per-ates ;" 
Minn, liydiodilurm acid forms chlorides; sulphuric acid forms 
■Itlplntu l sulphurous acid ibnm NulphiU-s ; hypoehlorous 
forms hypochlorites ; perchloric acid forms perduloratea. 

Whit expresses the basicity of acids and the acidity of bases? 

The blMlalty of Hi-ids depends on tlicir amount of replaceable 
hydrogen, mid the aridity of bases on their number of hydroxy! 
groups 1 example, UNO, monobasic uciil, 1I ; S0, dibasic acid, etc. 
KiHI nkinliiu i>l bUfl, 0» {OH), dlaeH l>ase. 

What lire normal, acid, basic, and double salts? 

Normal will*, l.linmi liiivin^ m-i I Ui'i- acid iinr basic hydrogen ii 
i'*i'i'>«;aiiliIwilU, those, containing basic hydrogen in excess ; basic 
null", those having and hydrogen in excess ; double salts, those 

(Km Mining l " ' more different positive atoms. Tims, normal 

Mil ,0m /I'",!.; arid sail, NalU'O,; basic salt, PbOH (0,11,0,) 

double ult, nii,m b it),- 

What Is the ammonia type, and the terms of its componn-'s? 

Tin' type, of compounds (brined by substituting the hydrogens 
of ammonia Nil,; thu substitution of II by an eteetrepostttM 
alum or radical forrulngan "amine;" the substitution of II by 
U oltotnnegatlve Bitoiii or radical forming an "amide;" while 
llm substitution of an II by ft ll electronegative and another 
mi sJootropotltlTO, yloldj an nialamide. 

What are the further denominations of amines and amides! 

\i ding In the number of II substituted they may be ninn- 

tinlim'", d famine*, ami trtamlnes, or moo-amides, di-amides and 

in .1 Ids ; Liu- ihiiium of Hie elect nmeiiativo or electropositive 

alom. or rndiral* displacing the 11, being placed betweeu the 
Sfitk numeral and the words amine or amide. If more than 
DM of thl NU,8K>np enter Into the compound, the substituting 
radical" aiv placed before Ihe Creek numeral which are used 
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according to tlic number of N left. Tin 
tri-ethylamiue, mouo-di- or tri-aeetamide ; 
ever, ca r bony 1-di -amide, etc 

What are the relative volumes of the molecules 
gaseous state ? 
The volumes of moleeuli's nf "fii-osarc alike ; 
of gases contain equal numbers of molecules. 

How do gases combine? 

Volume for volume when holh are monads, h 
monad and dyad, three and one when mound a 

How many volumes result in all these cases? 

Two volumes or two molecules, if each con 
one molecule. 



When one molecule of hydrogen and one molecule of chlorine 
unite, what is formed ? 
Two molecules of HC1. 

What does this prove 1 

That, us two molecules of IICl were formed, each contains 
one atom of II and one of CI, Ihe molecule of hydrogen and of 
chlorine contain each two atoms. 

What is Etoichiometry '■ 

The computation of the weights of bodies entering into chemi- 
cal combinations and their results. 

How are the molecular weights of chemical bodies determined 1 
By adding together the atomie weights of the component 
atoms. Thus H,SO t — 



Total = 68 = molecular weight of 11,80,. 

When HNO, unites with KOH, what results 1 formula ? 
JINCVfKOH = KNO a + H,0. 
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What does this equation also stand for in weight units ? 

1 + 14 + i* 39 + 16 + 1 _ 39+ 14+48 . A4-M 

m ~ + 50 - 101 "•" "18 

How may the elements be classified for convenience of study? 

Into metals and non-metals, wbieh are again grouped accord- 

in"; to their valences, electro-chemical relations, as well as 

physical and chemical characters ; hydrogen and oxygen at 

gCOaped by themselves as typical elements. Tims — 

No k- Metals. 
Group I. Hydrogen and oxygen. 
(Iroup II. Electmiifjntire mni,n./h<, or Chlorine group. 

Fluorine, chlorine, bromine, iodine. 
Group 111. Electronegative dyads, or Sulphur gntup, 

-Sulphur, selenium, tellurium. 
Group IV. Electronegative triads, or Nitrogen group. 

Nitrogen, phosphorus, arsenic, antimony (bisi 
eee metals). 
Group V. Boron. 
Group VI. Efii-tronti/iiiii-e let rails or Carbon group. 

Carbon, silicon. 

Metals, 
Group I. Alkali metals. 

Lithium, sodium, potassium, rubidium, ca 
(ammonium). 
Group II, Meloh of the alkaline earths. 
Calcium, slroiUium, barium. 
Group 111. Mnyiu, sin in ijrimp. 

Magnesium, beryllium, zinc, cadmiu"' 
Group IV. Lead group. 

Lead, thallium. 
Group V. Copper group. 

Copper, silver, mercury. 
Group VI. Yttrium group. 

Yttrium, erbium, terbium, y terbium, scandium 
decipium, lanthanum, cerium, didymiurn. 



I 
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Group "VH. Aluminixmt group. 

Aluminium, indium, gallium. 
Group Till. Iron group. 

Manganese, iron, cobalt, nickei 
Group IX. Chromium group. 

Chromium, molybdenum, tungsten, uranium. 
Group X. Tin group. 

Tin, titanium, zirconium, thorium. 
Group XI. Bismuth group. 

Vanadium, bismuth, tantalum, niobium. 
Group XII. Platinum group. 

Gold, platinum, palladium, rhodium, iridium, 
ruthenium, osmium. 
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Hydrogen. 



What is hydrogen, and what its properties* 

A colorless, odorless, tasteless elementary gas, rarely found 
free in nature. Symbol H, atomic weight 1, valence 1 , molecu- 
lar weight 2 ; one liter at 760 mm, pressure and 0^ C. weighs 
0,08958 grams = 1 frith. It is combustible, but not a supporter 
of combustion. A mixture of H and O will explode violently 
when lighted, forming water. 

How cm it be demonstrated that it is lighter than air* 

A balloon or soap-bubble tilled with it will rapidly ascend. It 

can be readily trausferred by pouring it from one inverted vessel 

into another from below upwards, di.-placing the air in doing 

What is its diffusibility? 

It is highly diffusible, penetrating through porous bodies w 

ease, and diffusing through membranes. 

Is hydrogen under all circumstances and conditions a gaseoi 

body? 

It can be reduced to the liquid state by cooling to —140° C., 
and under a pressure of 000 atmospheres. It then resembles 
steel-blue, non-transparent fluid, somewhat like mercury, 
upon evaporation even solidifies. 
How can the formation of water hy the anion of H and b 

proven 1 
If a flame of hydrogen is allowed to burn in a cool glas 
indcr, this will soon he found covered with dew. 

How can hydrogen be prepared ? 

By electrolysis of water, by the action of some metals o 
water, and by the action of zinc or iron on sulphuric or hydro- 
chloric acid. 

What is the result of the electrolysis of water in the Hoff- 
mann's tubes, and how is the presence of H proven? 

WL. u acidulated writer is subjected to electrolysis, the II will 
■petMBttlBte in the lube containing the negative electrode, the O 
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in that containing the positive electrode. There will be besides 
a definite relation between the volumes of the two gases so liber- 
ated, that of H being twice that of O, showing the composition 
of water as H,0. The presence of H can be proven by collect- 
ing the gas in a test tube, and burning it, water resulting. 
How can hydrogen be prepared from water by the action of 
metallic potassium or sodium? 
Sodium or potassium, by superior chemical attraction for 
oxygen, displaces at ordinary temperature one II, and unites 
with the residuary HO, as per futlnwing formula : — 
H v O + Sa = NaOH + H. 

Can otter metals produce the same resu't? 

Iron at red heal will do the same, uniting with and liber- 
ating H. • 

What is the most common process for obtaining; hydrogen for 
experimental purposes? 
The action of zinc or iron on sulphuric or hydrochloric acid, 
the metal replacing the II of the acid and setting this free to bo 
collected, as per following formula : — 

Zn+H^O^Zn S0 4 +2H. 
What other process is employed for obtaining H in Fleitmann's 
test? 

The action of aluminium metal on sodium- or potassium- 
hydrate at ordinary temperature, or that of zinc at the boiling 
point, as follows : Al-f-3KOH=K : A10 ;1 -+-3H. 

For what purpeses is hydrogen in its nascent state used in 
chemistry ? 

Aa a reducing agent, i. c, to take away from and unite witli 
the oxygen of other bodies. 
Wlat is the physiological effett of inhaling hydrogen, and why? 

It produces a higher pitch of the voice on account of the more 
rapid vibrations of the vocal cords in a less dense atmosphere. 
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Oxygen. 

What it oxygen T Iti properties t 

A oolorlMt, odorless, tasteless, elementary gas. Symbol, O, a. 
iv. Hi, valence", m. w. 84; one litre weighing at 0° C. and 7U0 
linn. I Ul grams, ll. in IlqueRedat — 13<PC. and 470 atmospheres 
prmun; it is Slightly soluble in water (about it per cent, at UP 
('. I, II i» a supporter of combustion, but nut combustible. It 
Lc* willi nil (tie elements excepting (luormc, forming with 

What is the process termed when oxygen unites with another 
element, and amidst what phenomena does it usually 
tako place T • 

Oxidation, wliicli, il'il lakes place rapidly, if generally accom- 
panied by development of heat and light, and is then termed 
eoiiiliiiKliiin. 

Where it oxygen limn 1, and in about what proportions ? 

ll. In the most abundant element in nature, existing free in 
I. In nl ni(i*|ilu'iv, mill in combination will) other elements; it 
OOStpOMI about two-thlrdi of the entire globe. 

How may oxygen be prepared ? 

lly heating mercuric oxide to a high temperature it is decom- 
pOMd inlo mercury and oxygen. HgO=IIg-(-0. 

How is it prepared from potassium chlorate ? 

liy haatlng the coarsely powdered KC10, and collecting liie 
escaping gas; tis this gives rise to irregular and violent evolu- 
tion of the gas, about one-fourth of its weight of powdered 
manganese dioxide is mixed with it, which causes themoreeven 
liberation of the gas and at a lower temperature ; the manga- 
nese dioxide, however, lakes no chemical part in the process. 
2KC10,=2KCI + ;iO,. 

In what other processes is oxygen liberated 1 

In the electrolysis of water, also by the action of sunlight 
upon the leaves of plants. 
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What takeB place if a piece of magnesium wire is ignited, and 
what is the p roduct ? 
It deflagrates, emitting a very brislic light, Laving as a white 
ash the magnesium oxide. 

If a glowing charcoal ember, ignited sulphur, phosphorus, cr 
a heated steel wire, is immersed in a jar containing 
oxygen what takes place, and what are the results ? 

They deflagrate rapidly, giving rise to heat and light, leaving 
as results the oxides of tlm dillerent substation used. The car- 
bon produces CO,, the sulphur SO,, the phosphorus P,O s , the 
iron Fe A. 

What is the oxy-hydrcgen flame, snd how applied to the lime 
light? 

A flame produced from burning oxygen and hydrogen from :i 
special burner. It is not luminous but very hot, melting even 
platinum, etc. By exposing to it a piece of lime, this becomes 
iiKaudesccnt, and emits :i bright white light. 

Is slow oxidation, such as the rusting of iron in the air, different 
in its result from rapid oxidation or combustion ? 

They are identical processes, and yield (he same results ; the 
heat given oft' in rapid combustion is also given oft", but appa- 
ily, in the slow oxidation. 

What chemical process is going on in the burning of coal oil, 
candles, etc. '? 

An oxidation of their component parts ; their carbon forming 
carbon dioxide CO,, and their hydrogen water 11,0. 

What is the part oxygen takes in the physiological process? 

It is carried by the haemoglobin of the red blood corpuscles to 

a tissues, where it unites with their carbon and hydrogen, 

forming carbon dioxide aud water; the former of these as a 

ivaste product is given off by the lungs ; the heat liberated by 

,his oxidation produces cither animal heat or is converted into 

e other physiological forces. 
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■gfaj are inhalations of oxygen of no benefit in the treatment 
of disease? 
Because the corpuscles cannot take up more or in a different 
dilution than formed in the atmospheric air. It is proven that 
animal* when kept in an atmosphere of oxvgen, do not exhale 
more COj than when kept in air. 



Ozone. 

What is ozone 1 Its properties t 

Condensed oxygen ; triatomic molecules of oxygen, O n of a 
density of 24 (HI), m. w. 48. It possesses a penetrating 
chlorine odor and a bluish color ; it is coercible at high pressure 
and low temperature yielding drops of indigo blue color. At 3tKP 
C. it becomes diatomic oxygen. It is chemically very active, 
oxidizing other bodies readily and bleaching organic coloring 
matter ; it is absorbed without change by oil of turpentine 
other essential oils. 

What may ozone also be said to be? 

An aliotropic form of oxygen, i. e., a substance which, though 
qualitatively of the same elementary composition, has different 
physical and chemical properties, owing to the difference of its 
molecular structure. 

How is ozone prepared 1 

1. It forms when phosphorus is exposed to 
gen. 2. By the addition of small quantities of 
mniigiinate or barium peroxide tocoldsulphi 
electric discharge through the air or oxygen. 

How is it beat prepared ? 

By the silent discharge of a powerful current from a ttuhm- 
korff coil through a Siemen's induction tube, through which 
freshly prepared oxygon is allowed to fl 

How i« ozone recognized * 

liy Itl action cm potassium iodide starch paper ; as it decom- 
poses I he KI itilo K and I, the I turns the starch bine. Tincture 
" laiacuin is turned blue and lead acetate brown by £>>. 
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Hydrogen peroxide answers the same test, but O a in addition 

blackens bright strips of silver. 

What influence has ozone on epidemic diseases ? 

It in said to arrest them by oxidizing the organic material 
giving rise to them. 

When and where is ojione found? 
It is found in the air, especially after thunder storms, and 

iiliOLmda in high latitudes, the seashore, etc. 

What is the effect of inhaling air rieh with ozone on the res- 
piratory organs? 
It irritates them, pausing coryza and even hemoptysis. 

Compounds of Hydrogen and Oxygen. 
Water. 
How can the composition of water be proven? 

By analysis and synthesis. 
What is analysis and what syntheses? how can they be applied 
to water ? 
Analysis means the decomposition uf ;i molecule into its com- 
ponent atoms, and synthesis the rceooiposiriim of the constituent 
atoms to form the molecule. Elcclrolysis ell'ects Hie amilysis of 
H.U into 2H and 10 ; and if two volumes of H and one of O 
am mixed, and united by an electric spark passing through 
them, water is formed. 

What is water T Ita properties? 

A compound of II and O; formula II, O; m. w. 18, density 9, 
sp. gr. 1 ; solidities at (PC. ; boils at 11XPC. It is a limpid, color- 
less, odorless, and tasteless liquid. lis maximum density is at 
I I ' = 80, 3° F., at which point its liter weighs 1000 grains. It 
is a poor conductor of heat and electricity. At r_J C. it solidities, 
nud is then known as ice ; at 100° C. it boils and assumes a cas- 
eous form, known as steam. Its solvent powers arc very great. 
What are the chemical properties of H..0 ? 

It is chemically very active, uniting with the oxides of the 
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elcctropoaitives to form bases (CaO + 11,0 = Ca(OH),), and 
the oxides of electronegatives to form acids (CO, -f H,0 
11,00,). 

How may water influence the molecular structure 
line bodies! 

It enters into the molecular structure of many crystalli 
bodies without forming a chemical part thereof; when this is 
given up by them ispoiiiauuously they arc termed ''Jflnrescent, and 
when they attract more from the atmosphere and liquefy, they 
are called deliquescent. When containing no 11.JQ molecule, a 
body is called anhydrous. 

What is distillation, what sublimation, and what distilled water? 
Distillation means the volatilization of liquids, condensing and 
recovering their vapoi> in special apparatus. Sublimation is the 
same process applied to volatile solid bodies. Distilled water is 
the water purilied by the former method for chemical and other 
purposes ; it is however not absolutely pure. 
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D.ifine the term potable, hard, temporary-hard, permanent 
hard, and soft water. 
Potable is water when suitable for drinking purposes; bard 
is water when it contains calcium or magnesium salts, and does 
not lather with soap ; when it contains the carbonates of calcium 
or magnesium in solution and removable' by boiling, it is tem- 
porarily hard ; when the hardness is due to other soluble salts of 
Ca oi'Mgnol removable by boiling, it i* permanently hard. Soft 
water contains little or no mineral salts in solution. 

What is the purest "natural water, and what does it usually 
contain ? 
Rain- or snow-water, if not contaminated in collecting; it con- 
tains little solid matter, except traces of ammonium nitrite and 
nitrate, but some oxygen, nitrogen, and carbon dioxide in solution. 

What is the principal contamination to guard against in rain- 
water for potable purposes ? 
Lead from roofs or pipes, as the nitric and nitrous acids, as 
well as nitrates, render soluble compounds with lead. 
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Which waters ccntain, besides solid ingredients, notable quan- 
tities of organic material ? 

er waters, especially those draining marshes or running 
sluggishly through marshy bottoms. 

Is organic material admixed to water always deleterious, and 
when is it? 

In itself organic material is not injurious, but as it is a soil for 
aeaso germs it is objectionable ; when it .irises from draining 
oH'auimal excreta it may contain disease germs which render it 
dangerous to health, 'i tins sewage contamination of water is 
apt to contain germs which can proliferate in organic material, 
and breed disease. 

What other admixture is feu ml in river water, and of what im- 
pel tanre is it? 
Rivers running through alluvial soil may tlirough freshets also 
contain in their waters suspended matter, which, when of min- 
eral origin, is of no especial significance, but if it arises from 
organic source may become dangerous to health. 

How may river water he purified ? 

By storage and sedimentation, allowing undissolved mineral 
and organic matter to be deposited ; by aeration, bo that oxygen 
of the atmosphere oxidizes the organic matter; by filtration, 

(training undissolved particles by interposed gravel beds; 
finally, by dilution from additional pure sources into its course. 

What precaution should be observed in selecting a water supply 
from rivers ? 

To select the source of supply sufficiently far away from large 
ties, and as far as possible below any places of habitation or 
lactones emptying their refuse into it. 

What objection is there to well-water? 

That it contains surface water drained from cesspools, and that 
it is impregnated with both organic and inorganic material. The 
deeper the wells are, the danger from this source diminishes. 
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gen sulphide. If lead is present (other metals of this group being 
excluded), a brownish-black precipitate will be noticed ; when 
lead exists in notable quantities, the water may be tested direct 
by hydrogen sulphide or an addition of ammonium sulphydrate. 

What are carbonated, alkaline, chalybeate, saline, and sul- 
phur waters? 

Waters having special ingredients which meet therapeutic in- 
dications. Those containing an excess of carbon dioxide are 
termed carbonated, others holding in solution the carbonates of 
the alkalies are called alkaline ; saline waters those containing 
neutral salts in serviceable quantities ; while the waters contain- 
ing hydrogen sulphide or alkaline sulphides in solution are 
sulphur waters, and when iron is contained in them they are 
called chalybeate. 

What is hydrcgen peroxide? Its propeities? 

A colorless syrupy liquid, sp. gr. 1.45, formula H 2 2 , m. w. 
34. It is a powerful bleacher and deodorizer, unstable when 
concentrated, less so when in dilute solutions (commercial 1-10). 
In decomposition it gives off nascent oxygen. 

How is it prepared ? 

By decomposing barium peroxide with sulphuric acid or car- 
bonic acid. 

BaO a + H 2 S0 4 = BaS0 4 + 11,0.,. 

Electronegative Monads— Halogens. 

What elements belong to this group? 
Chlorine, bromine, iodine, fluorine. 

Why are they also called halogens? 

Because they are salt producers, i. e., they produce with the" 
metals salt-like derivatives. 
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Chlorine. 



What is chlorine ? 

A yellowish-green ck:inciil.;iry gas of suMiicalmg odor, symbol, 
C), a.w. 36.37, m.w. 70: 1 liter weighs 3.17 grams. Sp. gr. 
2.40. 

What are its physical properties? 

It is coercible at 1.7- C. arid 4 atmospheres pressure; freely 
soluble iu water, 1 volume at 20° C. taking up two volumes CI ; 
this solution being known as chlorine water; this forms crystals 
of chlorine hydrate (Clj+ 10H,O), below 0°C, but decomposes 
into its constituents at ordinary temperature. 

Give its principal chemical properties. 

It has a great affinity for almost all elements Conning chlorides 
■ith them. This often lakes place amidst heat and light 
phenomena, as when Dutch metal leaf or powdered antimony 
is thrown into the dry gas. Il decomposes with water and 
other hydrogen compounds intoHCl and O. It decolorizes indigo 
and litmus solutions, also other organic colors when moist, by 
liberating nascent O, and also destroys organic germs in Uiib 



What is meant by nascent and by nascent state? 

Nascent O means O at the moment of liberation before it as- 
sumes its free or molecular slate. The nascent stale of bodies 
really implies their atomic or also unsaturated state. 
Is chlorine combustible or a supporter of combustion, and 
what occurs when a burning candle is immersed in 
chlorine 3 

It is not combustible but a supporter of combustion ; a burn- 
ing candle will continue to burn in it, giving off" dense volumes 

" carbon. 

How is chlorine prepared? 

By heating a mixture of manganese dioxide with hydrochloric 

ncid or with the materials forming Ibis latter, namely, chloride 

sodium and sulphuric acid. 
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Explain the former process by equation and also the latter. 
MnO, + 4 HCl = MnCl, + CI + 2 H,0 



Maiignnous chloride being formed which dissolves in the 
water. The other process depends upon the formation of hydro- 
chloric acid and the decomposition of this by the mangai 

2NaCl + H,SO ( = Na,SO ( + HCl. 

Sen! i urn chloride. Sulphuric aci.l. Sodium rtnlirhste. Hj-drocLlnrli 

Again : MnO, + H^SO, +' 2HCI - MnSO, + 2BJ) 4- 

Mmmoeie Sulpliurlc HydiQclrlotlr) tUntruioiM Wsl 
dig lids. iciil. Kid. in I phut, 

What is the compound of chlorine and hydrogen ? 

Hydrogen chloride or hydrochloric acid, formula II CI, in. » 
3t>. 37, a colorless gas, sp. gr. 1.26, of pungent odor, fuming ir 
air, irritates the air passages, very soluble in water, 1 volume 
dissolving 450 volumes at 15° C, the solution being known as 
hydrochloric or muriatic acid. 




What is the aciduni hydTochloricnm TJ. S. and what acidnm 

hydrochloric um dilutuin U. 8.? 
The former is a colorless solution i>f pure FICl in 
1.16 ; the latter is the further dilution of the stronger to the sp. 
gr. 1.049, containing 10 per cent. HCl. 

What are the tests for the recognition of HCl? 

Its vapors redden moist litmus paper, and give dense wl 
vapors with ammonia. 

What are further tests for HCl and soluble chlorides? 

They give white, curdy precipitates with silver nitrate, whi 
are soluble in ammouiuro hydrate. 

Does free hydrochloric acid exist in the body, and where? 

Yes ; in the gastric juice. 

What is the character of the stain on textiles by hydrochloric 
acid? 

Dark textiles are generally stained red by it ; the staiu is 
evanescent and readily removed by ammonium hydrate, 
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State in brief its poisonous action. 

Its action on the tissues is that of a corrosive, producing 
extreme laryngeal irritation, even oedema and consequent 
asphyxia, black eschars on tongue and pharynx, corrosion and 
possibly perforation of oesophagus and stomach, and even in 
absence of this, it may cause subsequently inanition from 
destruction of mucous surfaces; or stricture of tbe oesophagus. 

What are the antidotes for poisoning by HC1 ? 

Alkaline carbonates in dilute solutions, alkaline earths, mag- 
nesia, and soap-suds. 

What class of poisons does it belong to, which are the principal 
ones of this class, and what is the mode of their toxic 
action ? 
It belongs to the corrosive acids, the principal ones of which 

are sulphuric, nitric-, and hydrochloric acid; they act by the 

destruction of the tissue they come in contact with, hut not by 

absorption. 

How is the streng-th of acida quantitatively determined, and 
npon what is this process based 1 
By iiriilhiicirij, wherein the acids are neutralized by alkaline 
solutions of known strength, termed volumetric solutions. 

How are the volumetric solutions of KOH and NaOH prepared ? 
Hy making solutions of these alkalies and standardizing them 
with a normal solution of oxalic acid, which contains as many 
grains of the latter in a liter of distilled water as one-half of 
its molecular weight. The alkaline solution must he made of 
such strength as to neutralize exactly the oxalic acid solution 
volume for volume. 

How is the process of acidimetry performed? 

A certain amount, say 10 c.c, of the solution to lie tested 
is placed in a beaker glass, diluted, and to it are added a few- 
drops of red litmus solution as an indicator; then the volumetric 
alkaline solution is dropped into the former until the change of 
color of the litmus to a violet indicates the neutralization. The 
result of the neutralization is then computed either by stoichio- 
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metric proportion or by reference to already computed tables. 
When the acidity of mixed acids is wanted this is expressed in 
comparative amounts of oxalic acid. 

Which are the oxygen compounds of chlorine? 

Cl a O hypochlorous oxide or hypochlorous anhydride. 
C1. 2 3 chlorous oxide or chlorous anhydride. 
Cl/) 5 chloric oxide or chloric anhydride. 
Cl a 7 perchloric oxide or perchloric anhydride. 

What do they form with water respectively? 
C1 2 -f 11,0 = 2HC10 hypochlorous acid. 
01,0, + 11,0 = 2HC10, chlorous acid. 
Cl 2 6 4-H,0 = 2HC10 3 chloric acid. 
C1,0 7 + II v O = 2HC10 4 perchloric acid. 

Are these compounds stable? In what form are they princi- 
pally found, and what are those of medical interest? 
They are unstable, and are generally found as salts of the 
acids, of which the hypochlorite of calcium CafCIO)*, hypo- 
chlorite of sodium NaCIO, and the potassium chlorate KC10 3 , 
are of importance in medicine. 

In what substance is calcium hypochlorite contained, and with 
what other substance? How prepared? 
In calx chlorata, chlorinated lime, also called chloride of lime, 
commonly known as bleaching powder, which consists of a mix- 
ture of calcium chloride CaCl, and calcium hypochlorite Ca(C10). i . 
It is prepared by saturating slaked lime with chlorine gas. 

What preparation depends upon the presence of sodium hypo- 
chlorite for its efficacy? 
The liquor sodse chloratse or chlorinatse, otherwise known as 
Labarraque's solution. It is prepared by decomposing a satu- 
rated solution of chlorinated lime with a solution of sodium car- 
bonate, the latter being in excess. It is a powerful disinfectant, 
as, in its decomposition, it gives rise not alone to chlorine, but 
to nascent O also. 
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Bromine. 



What is bromine ? Its physical properties ? 

An elementary liquid, of dark reddish-brown color, and dis- 
agreeable odor. Symbol Br, a. w. 8G ; up.' gr. 3.18 at 0° C. ; 
it crystallizes at — 7.3 C C ; boils at fi.'t-', giving rise to yellowish- 
brown vapors ; at a lower temperature [be vapors are dark- 
brown ; one part of it at 15° (_'. dissolves in 3il At). It is soluble 
in alcohol, but more so in ether, chloroform, and carbon bisul- 
phide. 

What are its chemical properties ? 

Very much like those of chlorine, but less active, bleaching 
like it, but in a less degree. It colors starch yellow. 

When and how does bromine occur in nature? 

In sea-water and in saline springs, termed bitterns, as bro- 

How is bromine prepared? 

Like chlorine, by warming a mixture of manganese dioxide, 
and sodium bromide iviili r-nlphurie acid. 
MnO, + 2XaBr + 2H.SO, = MnSO, -f Na.SO, -f Br,+ 2H a O. 

What is the hydrogen compound of bromine? 
Hydrogen bromide or hydrobromic acid HBr. 

How is HBr made? Its properties? 

By decomposing Br in Ii.O with hydrogen sulphide, as fol- 
lows : Br, -f H.0 + ILS = H,0 + S -f 2B Br ; also by decom- 
position of a bromide with sulphuric acid. It is a colorless gas 
fuming on contact with the air. 

What is strong and what diluted hydrobromic acid ? 

The strong is a con cent rated solution of gaseous HBr in water, 
which when diluted toconlaiii 10 per cent. 11 Br, sp. gr. 1.044, con- 
stitutes aeiduni hydrobroniieiun dilutum of the Pharmacopoeia. 

Which of the oxyaeids of Br are used, and in what form ? 

The hypobromons acid IlBi'O, as sodium hypobrotnite in the 
Knop's solution for determining urea, q. v. 
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Iodine. 

What is iodine ? Its physical properties ? 

A crystalline, elementary body of metallic lustre. Symbol I, 
a. w. 127 ; sp. gr. 4.95 ; fusing at 113° C. to a liquid, and boil- 
ing at 200° C, giving off dark-violet vapors. It is slightly 
soluble in water, more readily in alcohol; in this form, when of 
officinal strength, it is the tinctura iodi; it is readily soluble in 
ether, chloroform, and carbon disulphide, in the last two with 
violet color ; potassium iodide favors its solution in water. 

Give its chemical properties. 

These are similar to chlorine and bromine, but weaker ; it im- 
parts a blue color to starch. 

Where does iodine occur in nature, and how is it prepared? 

It occurs in mineral springs and sea-water. Seaweed contains 
it, and when burned is known as kelp, from which it is manu- 
factured by a similar process to that employed for chlorine and 
bromine ; the magnesium iodide and sodium iodide being mixed 
with manganese dioxide and warmed with H 2 S0 4 . 

What is the hydrogen compound of iodine ? 

Hydrogen iodide or hydriodic acid HI, a colorless gas, which 
is very soluble in water ; prepared similarly as hydrobromic 
acid, by treating iodine in water with hydrogen sulphide. It 
enters into the syrupus acidi hydriodici of the Pharmacopoeia. 

Fluorine. 

What is fluorine, and its properties? 

Probably an elementary gas. Symbol Fl, a. w. 19. Of such 
strong affinity for almost all substances, that it cannot be ob- 
tained free. 

What is its principal compound, and from what is this ob- 
tained? 
Its principal compound is hydrogen fluoride HF1, or hydrotiuo- 
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ric acid ; it is obtained by the action of warm sulphuric acid on 
fluor-spar, the calcium fluoride ; CaF], + lI,S0 1 = C'aSO, + 2IIFl. 

What are the properties of hydrofluoric acid 1 Is fluorine found 
in the human economy, and where ? 
Theaqueous solution of the gaseous hydrofluoric acid is a color- 
less liquid, very corrosive, and attacking the tissues severely. It 
also attacks glaBS, and is used for etching it. Fluorine, as fluo- 
ride of calcium, is found in the enamel of ti.-c.-Ui and in the hones. 



Electronegative Dyads. 

Which elements compose this group? 

Sulphur, selenium, and tellurium (properly oxygen also). 

Sulphur. 

What is sulphur? 

A solid elementary body, capable of existing in several nllo- 
tropic conditions. Symbol S" lv VI , a. w. 32. 
State the different systems of crystallization, and their char- 
acteristics. 
The regular or tesscml system, the crystals of which have 
three axes of equal length, intiTsi'drng each other at right 
angles. 

2. The quadratic or tetragonal system, the crystals of which 
have one longer and two shorter axes ; the latter of equal length 
and all intersect each other at right angles. 

3. The hexagonal or rhombohedra! system; the crystals of 
this system have four axes, three of equal length, which inter- 
sect each other in one plane at angles of t>0° ; the fourth, a lunger 

sis, intersects their plane at 90°. 

4. The rhombic system, the crystals of which are all of unequal 
fflgth, and intersect each other at 90°. 

5. The monordinic system; its crystals have three unequal 
xes; two of which intersect at 1*0° ; the third intersects one at 

and the other obliquely. 
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6. The triclinic system comprises the crystals which have 
three unequal axes, all obliquely inclined to each other. 

What is the physical structure of the different allotropic con- 
ditions of sulphur, and how is their occurrence accounted 
for? 
1st, ordinary octahedral or rhombic sulphur, sp. gr. 2.05 ; 2d, 
prismatic or monoclinic sulphur, sp. gr. 1.98 ; 3d, soft, plastic 
sulphur, sp. gr. 1.95. These different modifications may be ac- 
counted for by the presence of varying numbers of atoms in 
their molecules. 

What is the effect of different degrees of heat on sulphur? 

It melts at 115° C. as a pale yellow liquid ; between 200° and 
250° C. it becomes viscid ; above that it becomes fluid again and 
boils at 440° C. 

In what different forms does sulphur come in commerce? 

Roll sulphur, sublimed sulphur, which, when washed free from 
adhering acids, is termed sulphur lotum ; precipitated or lac sul- 
phuris. 

Where and how does sulphur occur in nature? 

It is found free in volcanic regions ; also as compounds with 
many metals as well as in organic substances. 

How does sulphur behave chemically? 

Similar to oxygen, forming binary compounds with most of 
the metals, burning in the air with bluish flame to form sulphur 
dioxide S0 2 , and it may also exhibit linking powers like oxygen. 

What is the hydrogen compound of sulphur ? Its properties ? 

Hydrogen sulphide, also termed sulphuretted hydrogen, H 2 S ; 
a gaseous colorless body of the odor of rotten eggs, sp. gr. 1.177, 
and coercible ; soluble 3-4 volumes in 1 of water. It is com- 
bustible, weakly acid, and poisonous. 

How is H,S prepared? 
By the action of H 2 S0 4 on ferrous sulphide FeS. 

FeS+H,S0 4> =FeS0 4 +H 2 S. 
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How is ferroos sulphide made? 
By fusing together iron filings rtt)<J sulphur. 

What does H^S form with metals? 

Metallic sulphides, 

Does H,S occur in the body ? Where and how dots it form ? 

It occurs in the body from decomposition of albuminous food 
in the flatus ; from the tartar of the teeth and from decay of fowl 
between them ; it gives rise Lo the blue liue on the gums in lend 
poisoning. 

How does US act ms a poison? 

By combining with and reducing I lit- hemoglobin. 

Where does it occur, and what symptoms does it give rise to 
when inhaled for some time? 
In sewer gas, the inhalation of which for sonic time gives rise 
to giddiness, headaches, and low fevers. 

What are the antidotes for H„S poisoning? 
Stimulants, fresh air, aud chlorine. 

What are the tests for H,8? 

Its characteristic odor aud moist lead acetate paper, by which 
1 in 10,000 can he detected. 

What are the principal oxygen compounds of sulphur ? 

Sulphur dioxide, sulphurous oxide Sit., and sulphur trioxidc, 
sulphuric oxide Si*,. 

What is sulphur dioxide and its principal properties? 

i colorless gas of pungent suil'ocaiiiig odor, SO,, in. w. 04, sp. 

2.247 ; coercible at —15° C. or at ordinary temperature, and 
two atmospheres of pressure, crystallizing at — 70° C; SO volumes 
soluble in 1 volume water ; neither a supporter of combustion 
nor combustible. 

What are its principal chemical properties? 

nilcs with H.,0 lo form sulphurous add, II, SO. ; is a reduc- 
ing agent, i, t., has great alb.iity lor oxygen. 
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What is the sulphurous acid XI. S. ? 

A solution of H 2 S0 3 in water, of the characteristic odor of 
burning sulphur, sp. gr. 1.022-1.023, and of strongly acid reac- 
tion. 

For what purposes is SO, employed, and how? 

To put out fires, bleach, reduce oxygen compounds, and as 
a germicide. For disinfecting purposes sulphur is burned in a 
closed room ; about 2 pounds are used for 1000 cubic feet of floor 
room. 

How is SO, prepared ? 

By burning sulphur in oxygen or in atmospheric air, 
S,+() 4 =2S(). I , also by the action of II^SO* either on copper or 
charcoal, sulphur dioxide being liberated, and in the latter pro- 
cess also (X) r 

2H 2 S0 4 +Cu=CuSO i + SO,+2H,0, 

also, 2H 2 SO i +C=<X) J +2SO J +2H 1 0. 

What is sulphuric oxide or sulphur triozide? 

A white solid, crystallizing in silky needles SO,, which unites 

with H,() to form H^0 4 ; it has no acid properties. 

What is sulphuric acid? 

A dense colorless, inodorous, corrosive liquid H,S0 4 , m. w. 
**S, sp. gr. 1.S4, containing not less than 96 per cent. H,S0 4 . 
The acidum sulphurieum dilutura U. S. contains 10 per cent. 
H^0 sp, gr. l.OtVT. The commercial H a S0 4 is known as oil of 
vitriol. 

State some of the principal properties cf H*SO,. 

1 < is a dibasic acid forming two salts with monad metals, which 
if H is present are termed acid, or if two metallic atoms normal 
*-.y\i*. It has a groat attraction for wat<T, evolving heat when 
mi\od with it ; on this account it is used for drying gases and 

pvipitaloj*. 

riir* in hrief the process for the manufacture of H£0 4 . 

Thi* nu\ Iv %tat« <1 as taking place in four stages. 
1 The tiM-mation of sulphur dioxide by burning sulphur or 
imitvtt \mh ^>nw or air. S«f-0.=.->50.,. 
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2. Generating nitrogen telroxidc N,0„ which gives off oxygen 
to the SO ; forming SO, and N,0„ 

as follows : 2S0,+NA=2SO 3 +:N,O,- 

8. The SO, is mixed with aqueous vapor resnlthig in the 
formation of H,SO„ 

so a +H,o=n i so ( . 

While, 4th, the N a Oj is reoxidizod by contact with the oxygen 
of the air, 



and can he used again as before, the whole of the process being 
conducted in leaden chambers ; the resulting liquid is condensed 
to the proper specific gravity. 

What class of poisons does H SO, belong to, and what are the 
symptoms caused by it? 
It belong* to the corrosive mineral acids, causing white eschars 
on tongue, lips, and pharynx, possibly mb-maof larynx and per- 
foration of stomach, and, if not, the patient may die of inanition 
eventually. 

What are the antidotes for paisoning by sulphuric acid 1 
Magnesia, alkaline carbonates, soap-suds, also eggs and milk. 

What are the tests for sulphuric acid ? 

Red stains on dark textiles, disappearing on application of 
ammonium hydrate. TT.SO, anil Mie soluble sulphates give dense 
white precipitates with barium chloride or nitrate; when con- 
centrated down II,SO, will char the carbohydrates. Paper 
moistened with a diluted II^SO,, and the water evaporated by 
gentle heat will char. Concent rated II, SO, heated with copper 
slips will Liberate vapors of sulphur dioxide. 

What is hyposulphuroua acid, and what is sodium hyposulphite? 

Hyposulphurous acid H,SO„ an unstable compound ; the so- 

ailled sodium hyposulphite Na,S,0, is really nut a hyposulphite 

jut a thiosulphalc. 
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What is Nordhausen or fuming sulphuric acid ? 

A thick, oily, fuming liquid, sp. gr. 1.85-1.9, sometimes called 
disulphuric acid, because its formula may be obtained from two 
molecules of H 2 S0 4 by the subtraction of Hfi ; 2H 2 SO i — H,0= 
H 2 S a 7 . It splits up by heat into HJ50 4 and SO a , so that it 
may be considered a solution of SO s in HjS0 4 . It dissolves 
indigo. 

Electronegative Triads or Nitrogen Group. 

Which elements belong to this group ? 
Nitrogen, phosphorus, arsenic, antimony, bismuth. 

Nitrogen. 

What is nitrogen ? 

An elementary gas, symbol N 1 m v , a. w. 14, sp. gr. 0.971 ; 
one liter weighs 1.25 grams. 

What is it also called, and where does it occur free? 

It is also called azote, and occurs free in the atmosphere, of 
which it constitutes about four-fifths. 

Give the properties of N. 

It is colorless, odorless, tasteless ; coercible only at — 130° C. 
and 280 atmospheres ; it is neither combustible nor a supporter 
of combustion ; it combines directly with very few substances ; 
it extinguishes flames and life when immersed in it. 

How can nitrogen be prepared ? 

By isolating it from the air by burning phosphorus in a closed 
vessel ; also by decomposing ammonium nitrite by heat as fol- 
lows : — 

NH 4 NO, = K 2 + 2H 2 0. 

Ammonium nitrite. Nitrogen. Water. 

What is the atmosphere? 

A gaseous envelope surrounding the earth, composed of a 
mechanical mixture of oxygen by volume 20.8 and nitrogen 79.2 
in 100 volumes. It contains, besides a little CO u , some aqueous 
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vapor, also traces of NIT.,, C'H„ H,S, SO.,; the proporlio 
anil O arc very constant. 

State the probable height of the atmosphere and the pressure 
exerted by it on the square inch. 

The height of the atmosphere lias been variously computed 
from 50-150 miles. It exerts a' pressure of 15 pounds to the 
square inch. 
How can atmospheric pressure be demonstrated? 

By filling a glass tube over 30 inches in length with mercury 
and reversing it while immersed in a vessel of mercury ; the 
column of mercury in the tube will at once fall to about SO inches 
or 760 millimetres ; this column is counterpoised by the atmos- 
phere, and there will be it vacuum above it. 

What instruments are bas:d upon this, and how are they con- 
structed ? 

Barometers for measuring atmospheric pressure. They are 
glass tubes closed at the top and ending in a cistern or syphon 
of mercury. They have attached to the tube a scale for measur- 
ing the height of the column of mercury. 
State the cause of variable atmospheric pressure, 

Storms, changes in the ineteorologir-al condition, and increased 
or decreased altitudes. 
How does atmospheric pressure affect the volume of gases? 

Greater pressure diminishes their volume and diminished pres- 



What other factors influence the volume of gases, and how? 
Heat increases their volume, cold diminishes it. 

to compare volumes of gases, and how is 



What has to he 

this done 

They have to be reduced 

760 mm- pressure. This c 

formula : — 



i a common standard at 0° C. and 
i be accomplished by the following 



V ~760(i+0.00366t.) 
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V stands fiir the mltime wanted ul^C. and .THO mm. p 
sure ; v. for Ch- observed voiome ; p. tor observed pressure ; t 
for observed tem.pera.tnre. while i).0U3tSB is the coefficient for tl 

q of leases b v heaL. 

~. z: z.~, "'±-7, ml IgtihBH I 
i SH,, m. w. 17 ; one liter weighs 0.763 grams. 

It is a tulwkm gas of pungent odor, sp. sr. 4.59, coercible at 
S.5 atmospheres pressure jit l<>' C. or without pressure at — MP 
C : one volume of water absorbs ittFCTfiU mm., 1450 volumes 
SH, ; it is not combustible nor a snpporter of combustion. It 
unites with acids directly forming pentad nilro* 
8a Ammonium. 

How ii HH ; obtained, and how prepared T 

It is obtained free from the ammoniacal liquor of gnswork.% and 
may be prepared by the action of quicklime CaO on ammonium 
chloride Nn 4 CL 

2XII.C1 +CaO=CaCl I +H,0+2Sn i . 

Give the name* and formula of the oxygen compound* c 
nitrogen. 

Nitrogen monoxide X,0, a colorless gas. 

Nitrogen dioside N,0 n a colorless gas turning red with O 'W 
atmospheric air. 

Nitrogen trioxide, nitrous anhydride N.O,, a dark blue liquid. 

Nitrogen tetroxide N,0„ a yellowish-brown liquid or gas. 

Nitrogen peutoxide, nitrie anhydride N,O t , a white crystalline 

What ii nitrogen monoxide? 

This is a colorless gas of sweetish taste and slight odor, s 
times termed nitrous oxide, also laughing gas, N,0, m. w. 44 ; 
one liter weighs 1.1)7 grains ; up. gr. 1.527 ; coercible with 30 
atmospheres pressure at 0° C. It is a supporter of combustion, 
Inflaming glowing embers immersed in it as in oxygen. 
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ic air brown vapors 
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How is N s O produced 1 
By the dBoooipo ri t toti of ammonium nitrate by heat, 
NH.NQf— N,0+2H,O. 

What is its physiological effect, and for what purposes used T 
It produces first exhilaration, then amcsthcaia and asphyxia. 

It is used as an anesthetic fur short, operations, tor which iL is 

regarded as quite safe. 

What is nitrogen dioxide T 
A colorless gas NjO. ;l m. w. 00 ; one liter w 

sometimes called nitric oxide, sp. et. 1.031 

soluble in water, forms with O or atmosphe: 

of nitrogen tetroxide N v O,. 

How is N .0, prepared, and for what used? 

By the reduction of nitric acid by metals, such as copper, 
Cu !1 +8IlNO a =3Cu(NO :( ),+4n,0+NJO,i it may bo employed lo 
detect oxygen in gases. 

What is nitrogen trioxide? 

A dark blue liquid boiling at 0° C, N.O„ m. w. 76 ; it forms 
with water nitrous acid, N 1 O,+H ] O=2HN0„ which forms ni- 
trites with bases. 

Describe nitrogen tetroxide and its use. 

A yellowish -brown liquid or brown vapor at ordinary tempera- 
ture ; N,O t resulting when N.,0., is exposed lo the air. It is an 
oxidizing agent, used in converting 1L,S0 S into II,S0 4 , 

State what results when nitrogen pentoxide unites with water, 
and give character of product. 
Nitrogen pentoxide forms with water nitrie acid, N,Oj+ h -i° 
:2UNO„ a colorless, fuming, corrosive acid liquid, m. w. 63, 

sp. gr. 1.52. 






How is nitric acid prepared ■' 

the action of sulphuric acid on a nitrate. 
NaNO, + n,SO, = HNO, + '. 
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What are the chemical properties of HHO, ? 

It is a monobasic acid of great oxidizing power, coloring 
organic nitrogen compounds yellow, and converting others, such 
as glycerin, cotton, etc., into explosives of great force. 

What is Aiming nitric acid? What the acidum nitricum TJ. S., 
and the acid, nitric dil. TJ. S.? 
Fuming nitric acid is a nitric acid containing nitrogen dioxide 
in solution. Acid, nitric. U. S. a colorless nitric acid, sp. gr. 1.42, 
containing 69.4 per cent. IINO s . Acid, nitric, dilut. has a sp. gr. 
1.030, and contains 10 per cent. HNO s . 

What is the effect of HH0 3 as a poisra ? 

The same as the other corrosive mineral acids, with the only 
difference that the eschars are yellow. 

Give the tests for nitric acid and for nitrates. 

Nitric acid gives yellowish-red stains on dark textiles, not 
removable by ammonium hydrate ; it colors blue litmus red, 
darkens ferrous sulphate in presence of sulphuric acid, bleaches 
indigo solution, gives rise to red vapors with copper slips, and 
gives a red color on addition of brucine. The nitrates are recog- 
nized by the same tests if the HNCX, is first liberated by H,S0 4 . 

What is nitro-hydrochloric acid! 

A mixture of 3 parts of HNO, and 5 of HC1, also called aqua 
rcgia, as it dissolves gold and platinum, which neither alone 
effects. This is due to free chlorine and chlorine derivatives 
(nitroxyl chloride NO a Cl aud nitrosyl chloride NOC1). 

Phosphorus. 

What is phosphorus ? 

A waxlike, colorless, or slightly yellow, semi-transparent ele- 
mentary solid, luminous in the dark. Symbol P 1 Il! v , a. w. 
31, m. w. 124, vapor density 02, sp. gr. 1.83, melts at 44° C. to 
a colorless liquid, boils at 290° C. It occurs in two allotropic 
states. 

How is the molecular weight of bodies obtained! 
By multiplying their vapor density by two. 



CHEMISTRY. 



77 



What are some of the principal physical properties of phos- 
phorus? 

It is soft and tough at ordinary temperature, insoluble in 
water, soluble in ether and alcohol, very soluble in carbon di- 
euiphide, from which it crystallizes in rhombic ilodecahedra. 

Describe what two principal allotropic modifications of phos- 

phorns there are, and what properties has the second. 

The one is yellow and the other is dark-red ; the latter is called 

amorphous ; the red is insoluble in carbon disulphide, is uoi 

luminous, is not poisonous, and does not melt. 

How is red phosphorus prepared from the yellow? 

By heating the yellow in an atmosphere of CO, to 300° C. 
State the chemical properties of phosphorus. 

It has a great affinity for O, combining with it at a compara- 
tively low temperature, and for that reason has to lie kept under 
water. It also combines with H and CI, Br a 

Where and how does phosphorus occur? 

It is not found free in nature, but as phosphates. Its principal 
source is the calcium phosphate of bones. 

What is one of the technical uses for phosphorus? 

In the manufacture of friction matches, for which the r 
variety is preferable as less injurious to the operators. It is also 
used in rat poisons. 

What is the local action of phosphorus? 

When handled carcle-sly it ignites, cansiuc severe burns and 

sloughs, not infrequently accompanied by systemic intoxication. 

What are the results of inhaling its fumes for some time, as in 

match factories ? 

Chronic poisoning, resulting frequently in maxillary n 

State the symptoms of acute poisoning by phosphoruB, 

It is an insidious poison, killing sometimes soon after inges- 
tion, hut frequently only for some time after with symploi 
acute, yellow atrophy of liver, jaundice, suppression of i; 
delirium, i 
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What is the treatment for and what is the antidote to poisoning 
by phosphorus t 
Stomach pump, cupric sulphate its emetic, which is antidotal 
as well, rendering the phosphorus non-assimilable as cop[ 
phosphide, also old spirits of turpentine. 

How can the Inciter diseas; in match factories be prevented ? 

By good ventilation, and having oilof turpentine placed openly 
about the work-rooms, and worn in cloths or sponges around this 
necks oF operators, but principally by the employment of the red 

What is a good teat for phosphorus ' 

By boiling the substance suspected to contain it in Acidulate 
water, and allowing the vapors to strike a paper containing silver 
nitrate, which is colored dark by the formation of silver phos- 

Ezplain the principle of Mitscherlich's test for phosphorus. 

It is based upon the distillation of the substance suspected to 
contain phosphorus from acidulated water, when, upon striking 
the cool surface of the condenser, it will give rise to luminosity 
nt that point if viewed in the dark. Alcohol, ether, oil of tur- 
pentine, and other essential oils interfere with this test. 

In examining vomited matter or a stomach suspected to contain 
phosphorus, what should he done ? 
U should bo inspected in the d:irk for luminosity, and 
examined for its characteristic odor. 

What is phosphine? 

A hydrogen compound of phosphorus, termed hydrogen phos- 
phide l J Hj, m. w, 34. It is a colorless gas, with a garlicky odor. 
It ignites at about 100° C, is poisonous, and is sometimes liber- 
ated in mantles, when it is known as the ignis fatuus or Will- 
o'-the-wisp. 

Give the oxygen compounds of phosphorus. 

1'liosphorus trioxide P,0, and phosphorus pentoxidc P,O s . 
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Which are the direct acids of phosphorus! 

Hypophosphorous acid U a PO„ the oxide of which has not 
been isolated. Phosphorous acid derived from 1^+311,0 = 
2H.,P0 !1 » Phosphorous pentoxide yields with water orthophoa- 
phoric acid H a PO„ as follows : P,0, -f 3H,0 = 211^0,. 

What are the other phosphoric acids, and how derived! 

By the abstraction of one molecule of water from respectively 
one or two molecules of II..PO,, the met a- and pyrophosphoric 
acids are formed as follows :— 

H,PO, — H,0 =HPO J or meta phosphoric acid. 

211^0,— H v O = II,P,0, or pyrophosphoric acid. 

State the salts respectively formed by the different phosphoiic 
acids. 
Hypophosphorous acid forms liypnphospliitcs, phosphorous 
acid phosphites, orlhophofphoriu arid orllinpliosphates, meta- 
phosphorie acid metaphosphates. and pyrophosphoric acid pyro- 
phosphates. 

What salts are formed by the orthophosphoric or tribasi'c phos- 
phoric acid ! 
Three different kinds of salts, according to the number of II 
atoms displaced. Thus the mono-sodium or acid sodium phos- 
phate NalljPO, as found in the urine ; di-sodium or neutral so- 
dium phosphate Nil I IPO, as found in the blood ; also the hydro- 
calcium phosphate Ca (II. PO ( ).„ and the normal calcium phos- 
phate Civ, (Po,), of the bones. Besides these, double salts may 
be formed by a univalent and a divalent atom together displacing 
the three II as in ammonium-magnesium phosphate NH.'Mg"- 
PO, 

Which is the acidum'phosphortcum, of the U. S. Pharmacopoeia, 
and what the test for it t 
The orthophosphoric acid II., PO,, recotniized by giving a yel- 
low precipitate with silver nitrate when neutralized with ammo- 
nium hydrate, and by giving a while precipitate with the mag- 
nesium mixture. These tests apply equally to its salts. 
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Arsenic. 

What is arsenic? 

A steel-gray crystalline, elementary solid, of metallic lustre. 
Symbol As 111 v , a. w. 75 ; sp. gr. 5.7, m. w. 300 (a second amor- 
phous variety of black color, has a sp. gr. of 4.71) ; volatilizes at 
180° C. without fusing, giving rise to yellowish-brown fumes of 
garlicky odor. It gradually oxidizes in the air, and burns at 
red heat with blue flame to form arsenious oxide. 

How is arsenic found in nature? 

Sometimes in its free state, but generally as a compound of 
other elements, such as sulphur or oxygen (As./}.,) and the metals 
Fe and Co. It is separated from its oxide by heating with 
charcoal As,0 3 + 3C = 2 As + 3CO. 

What is the technical use of arsenic? 

In fireworks, the manufacture of shot, and as fly-powder, under 
the name of cobalt or fly -stone. 

Describe the hydrogen compound of arsenic. 

Hydrogen arsenide or arsine, also called arseniuretted hydro- 
gen, a colorless gas of garlicky odor AsII 3 , m. w. 78, sp. gr. 2.7 ; 
it is very poisonous. 

What are the chemical properties of AsH, ? 

It burns in the air with a bluish flame, to arsenious oxide 
As. 2 :i . If its combustion is interfered with by introducing into 
its flame a cold surface of porcelain, it deposits thereon a brownish- 
black stain of elementary arsenic. If heated to redness in a glass 
tube conducting it, it deposits a mirror-like ring of elementary 
arsenic beyond the flame. It decomposes solutions of silver 
nitrate into metallic silver, forming arsenious acid. 

How is hydrogen arsenide formed and prepared? 

By the action of nascent hydrogen on arsenical compounds, 
also by the action of moist air and organic compounds on arsenical 
pigments. It is principally prepared by generating hydrogen in 
the presence of arsenious oxide as follows : — 

6Zn + 6H ,S0 4 + A8 2 J =6ZnS0 4 -h3H a O+2A6H 8 . 
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What compounds does arsenic form with oxygen? 

Arsenic trioxide or arsenious oxide As^O,, mid arsenic pcut- 
oside or arsenic oxide As^Oj. 

In what forms does arsenic triozide occur? 

It occurs iu two varieties, the vitreous or amorphous as trans- 
parent glassy masses, sp. gr. 3. 78, which gradually change to Ihc 
non-transparent or puree Urinous variety of crystalline structure, 
sp. gr. 3.69. The commercial variety comes in powder form aud 
is culled white arsenic. 
State the properties of As.O : , 

It volatilizes at 21*° C, is white or colorless, odorlesi, is only 
slightly soluhle in cold water, about 1 to 2 parts per 1000, more 
readily soluhle in boiling water, mil idler boiling fur one hour 
00-80 parts dissolve in 1000. (Aqua Tofani.) 

What is the action of HNO. en As.O, ! 
It giveB up O to the As,Oj and forms ABjOj. 

What do the oxides of arsenic form with water ? 

Arsenic triuxide forms with water arscnious acid, ABjO, + 
3H,0=2H, AbO . Arsenic pentoxide forms arsenic acid. As/), 
+3II J 0=21I 1 AsO„ both giving acid reactions. 

Name the respective salts of arsenions and arsenic acid. 
ArseniteB and araeniates. 

Which are the principal compounds of arsenic with the 
halogens? 
Arsenic trichloride A~CI„ a colorless oily liquid. Arsenic 
tribromide AsBr,, a while crystalline substance. Arsenic Iri- 
iodide Asl„ red crystals. 

What are the sulphur compounds of arsenic ? 

Arsenic trisulphide ASjS, when As,0, is precipitated by II.S ; 
it also occurs in nature ;is auripiyment or nrptment or king's yel- 
low, and is used as a yellow pigment, also as a depilatory. There 
i* also an arsenic pen la sulphide As.S., and an arsenic disulphid i 
AsS, ; I lie liiitcr exists in nature, and under the name of rcahjar 
is used as a red pigment. 
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Name the Pharmacopoeia! preparations of arsenic and their 
strength. 

Liquor potassii arscnitis, Foivler's solution, lAs^Oj, and 1KHC0 3 
in 100 water with compound spirit of lavender. 

Liquor acidi arseniosi, solution of arsenic chloride, containing 1 
part As^Oj and 2 parts HC1 in 100 water. 

Liqwrr arsenici et ht/drargyri iodidi, Donovan 1 s solution y contain- 
ing 1 part Asl 3 and lHgI 2 in 100 water. 

Liquor sodii arseniatis, solution of sodium arseniate, Pearson's 
solution, 1 part anhydrous sodium arseniate in 100 water. 

What is Scheele's green, and what Paris green? 

Compounds of arsenious acid and copper, frequently used with 
homicidal intent, and employed to destroy insects. 

Do wall papers contain arsenic, and in what quantity? 

Many contain arsenic in quantities from 1 to 50 grains to the 
square yard. This is not confined to low priced paper or those 
of green color alone. 

Is arsenic found in textiles, etc., and how may it prove injurious 
in this way? 
It is found in various textiles, prints, cretonnes, tarlatans, etc., 
and may give rise to poisonous symptoms by direct absorption 
as well as by inhalation of AsH 3 produced from the reduction 
of the As z O ;< therein. 

In what manner does arsenic prove poisonous ? 

Elementary arsenic is probably not poisonous as such, but by 
oxidation it becomes so. As fly-stone or fly-paste it becomes 
poisonous by oxidation to As 2 0.,. 

How is AsH , as a poison ? 

It is the most poisonous of all As compounds, on account of 
its rapid absorption by the lungs. 

Which is the most common poisonous compound of As ? 

As 2 3 , contained in the ratbanes of the market ; its smallest 
poisonous dose is two grains ; but recovery has been known to 
take place after ingestion of two ounces ; chances appear better 
for recovery after large doses than small ones, as they are more 



promptly ejec tod. Fowler's solution taken in overdoses frequently 
proves a source of poisoning; children appear less susceptible 
thn,n adults. 

What is the toxic action of arsenic compounds ? 
They are irritants but not corrosives ; ulceration results from 
ritation and inflammation indirectly, [lure ion:: the stomach- 
pump may lie used in the curlier stages 1ml not later on. Inflam- 
mation may also be found iu the intestines, peritoneum, and 
bladder, but principally in the duodenum, (esophagus, pharynx, 
and the mouth may also lie inflamed from vomiting. 

What are the preserving powers of arsenical compounds? 

Cadavers arc preserved l.y I hem. and thus marked preservation 
' an exhumed body would dirert suspicion to arseuical poi- 

Give the symptoms of arsenical poisoning. 

They come on in from a half hour to ten hours; if early, 
chances for recovery are more favorable. Symptoms: austere me- 
tallic taste, fetid breath, constriction of pharynx and 'esophagus, 
sinking sensation with great precordial pains, retching and 
vomiting, intense thirst, hut drinks are not tolerated no matter 
how bland ; darting, shooting pains in colon, colitis, (lark bloody 
stools, small thready pulse, cold skin, pinched nose, collapse, 
eruption of skin may break out in a few days, sensation lienumbed, 
paralysis, tetanic spasms, delirium, prostration, and death. 

Are all cases alike? 

Not always ; patient may die, as in cholera morbus or in Asiatic 
cholera, with suppression of urine anil without gastric irritation, 

id the general symptoms may vary greatly. 
What are the symptoms of alow arsenical poisoning? 

Nausea, occasional vomiting, colitis, fever, debility, conjunc- 
tivitis, (edematous eyelids, ptyalism, alopecia, and brown pig- 
mentary spots on skin. 

What is the treatment for arsenical poisoning? 

Evacuate the stomach by Invorim: emesis with warm water or 
warm milk or even zinc .sulphate ; j^ive demulcents such as eggs 
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and milk, and then give the chemical antidote, ferric hydrate in 
tablespoonfuls every 5-10 minutes, or in place of it dialyzed iron, 
which, however, is not so reliable. 

How is ferric hydrate prepared? What its other name, and 
what its action as an antidote? 
Ferric hydrate or hydrated oxide of iron can be prepared in 
different ways. It may be prepared by completely precipitating 
the solution of a ferric salt with ammonium hydrate and wash- 
ing the resulting precipitate. A better preparation is the ferri 
oxidum hydratum cum magnesia, resulting by precipitating tinct. 
ferri chloridi r 3 i i j with magnesia calcinatagij. The mixture of 
these diluted with water should be exhibited freely. In absence 
of magnesia a solution containing one oijnce of sodium carbonate 
may be substituted for it. When magnesia is used the reaction 
is as follows : Fe,Cl 6 +3MgO + 3H,0=Fe v (OH) 6 4-3MgCl,. The 
action of the antidote on arsenic trioxide may be demonstrated 
as follows : 2Fe^OII) 6 +As.p 3 =Fe s 2As0 4 +5H.p+Fe(OH) 2 , i. e., 
the arsenic trioxide will be converted into an inert ferrous 
arseniate. 

Describe the test for arsenic when found in substance. 

Place the particles found in a small reduction tube and heat, 
when it will be sublimed in the cooler portion of the tube as 
octahedral crystals. If the particles are covered with flux (a 
mixture of equal parts of dry sodium carbonate, and potassium 
cyanide), or with charcoal, the As./>< w r ill be reduced, and an 
arsenical mirror will form in the cooler portion of the tube. To 
confirm the character of the mirror, heat the mirror with access 
of air, when it will sublime in the cooler portion of the tube as a 
white ring, which, under the microscope, will be found composed 
of the octahedral crystals of As/),,. 

What is necessary in testing for arsenic ? 

The test has to be confirmed in as many ways as possible. 

How are solutions suspected to contain arsenic to he tested? 

Acidulate them with a few drops of HC1, and treat with H V S. 
If arsenic is present, a lemon-yellow precipitate will be thrown 
down ; this is not soluble in cold HC1, and should be further 
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after filtration aud drying by reducing it with flux, and 
producing the arsenical mirror aud the while ring of octahedral 
crystals. 

What is Fleitmann's test for arsenic ? 

Tina depends on the fact that zinc oraluminiumproducesll 
with KOH or NaOH ; the former at the boiling point, and the 
latter at ordinary temperature. If, after generating the H, the 
purity of the materials is tested by placing a piece of filtering 
moistened with AgNO,over the test-tube containing them, 
this is not discolored by it, a few drops of the suspected 
liquid ace added, when, if arsenic is present, the paper continu- 
ing the AgNC), will present a dark stain ; the presence of 11,8 
or BUlphides should, however, first be excluded by testing the 
liquids with a solution of a lead salt. This test, while convenient 
preliminary test, is not conclusive evidence. It does not 
give any reaction with antimonials. 

Describe some other tests fcr arsenic in solution. 

Amnion io-sulphate of copper will give a bright-green precipi- 
tate with arsenical solutions, and anunonio-nitmto of silver a 
yellow precipitate. Neither of these precipitates is conclusive, 
and should 1ms reduced with Hux to give the mirror and subsequent 
white ring of octahedral crystals. 

What is Reinsch's test for arsenic ? Describe it. 

The test by which arsenical compounds are reduced with me- 
tallic copper. To that purpose the purity of the copper and HCl 
>uld first be tested by boiling the copper slip or gauze in di- 
luted HOI. If, after boiling, the copper docs not tarnish, add 
some of Ihe suspected liquid and boil again. If arsenic is prc- 
., the copper will be coated with elementary arsenic. This 
can he demonstrated by drying and rolling up the copper slip, 
and heating it in an open glas.s lute. If it is As, there will 
appear in the cooler portion of the lube the characteristic white 
ing of octahedral crystal* of A8,O a . 

other substances may deposit on the copper in this test? 

Sit and Ilg may also deposit on the copper in Keilincli'a test, 
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but they will givs respectively amorphous or metallic globular 
sublimates. 

How can Reinsch's test be made quantitatively ? 

By gradually inserting into the boiling acid mixture pre- 
viously weighed pieces of copper until they are no longer coated ; 
they are then dried iind weighed ; the increase in weight giving 
the amount of As in the quantity of liquid employed. 

What are the advantages and disadvantages of Reinsch's test? 
The advantages are that it can be made in the presence of 
organic matter ; that it is very delicate, and can be made quan- 
titative as well. Its disadvantages ore that it is not available 
for arsenic acid or arseniates without previous reduction. 

Describe Marsh's test for arsenic. 

This depends upon generating II from pure zinc with pure 
11,80, from a suitable apparatus; the purity of the materials 
and apparatus being tested by allowing the hydrogen to burn for 
some time, and testing with a cool porcelain surface inserted into 
the flame. If no stain is thus produced, introduce some of the 
suspected liquid through the funnel tube, and again test the 
flame with the porcelain ; if a stain results, arsenic may he pre- 
sent, the flame in this case will be blue, and if the conducting 
tube is heated to redness in its course, a mirror will form in the 
tube beyond the flame. 

What are the advantages and disadvantages of Marsh's test? 
Its advantages are thai arscntoiis acid, ursemtes, arsenic a eid, 
in ul iir>i'iiiiiii:s can be detected by it; its disadvantages that it 
cannot be employed in the presence of organic material, which 
must IIi'hI be destroyed by KCIO, and HC1, and that it shows 
Uttl I] U well as arsenic. 

How eun Hi" stains of As and Sb on the porcelain produced by 
Mann's hat be differentiated ? 

Nmtly soluble in NaCll '. antimony is not ; 

, ii lowly fuilv i» N1I.IIB. Kb instantly ; As stain 

fH\ iukI I'vuporatcil >.'ivt - u brick-red stain with 

i I'll! mini. i in ihv tulit.-, if As, is beyond the 
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flame ; if Sb, nearer and on either side of the flame, anil may bo 
dilUjrciitiated as above. 

What is the comparative sensitiveness of Reinsch's and Marsh's 
test? 

Eeiuscb'a shows ,,!„, grain ; Marsh's jnion grain. 

How is As determined quantitatively by Marsh's test ? 

By letting the AsII, pass through an excess of AgNO., solution 
until no further precipitation takes place. After this the excess 
of AgNOj is precipitated by NaCl, the liquid filtered, and the 
lillrate precipitated by II IS. the lvsullirii: As ; S ; is then dried and 
igheU, 5 parts of the sulphide corresponding to 4 As,0,. 

Antimony. 
What is antimony? 

An elementary, crystalline, bluish-white Bolid, of metallic 
stre, Sb"J v , a. w. 120, sp. gr. 6.7, fuses at 4^0° C, 
What are its chemical properties ? 

It exhibits the metallic character more so than arsenic, com- 
bines directly with the halogens, and is oxidized by UNO,. It 
volatilizes at a bright-red heat, burning in the air to antimony tri- 
oxide Sb,0 3 . 

How does it occur in nature, and what is its nse in the arts? 

found in nature as black sulphide, termed crude antimony 
or black antimony, and is used in the arts as an alloy, princi- 
pally in type-metal. 

What is the hydrogen compound of Sb? 

Hydrogen antimouide or stibine Sbll., a eolorless gas which 

burns with a greenish name "'ben ignited. It is not so poisonous 

as AbII,, and when conducted through a solution of AgNO,, it 

limns a black precipitate, but not of silver, as in the case of 

sHj, but of silver anlimonidc. 

3AgNO a -(- Shll, = 3HNO,+8bAg,. 
AsII, when a piece of cold porcelain is introduced into its 
!, it gives a dark stain, aud when heated to redness it de- 
its elementary Sb. 
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What compounds of Sb are used in medicine 1 

Antimony trirhloritte, butter of antimony. SliCl,. in the liqiinv 
anlimonii chloridi used as an eseharolic : "iili,n"n;/ tr-'ui'li Sh.U l 
in pulvia antiinouialis ; aiUiitrm'i s<il[ih:de Sb,S, ; antintvniitni .iu/- 
phur'itiiiit, a mixture of Sb^S, with Sb.,O a in Plummcr's pill, and 
a compound of similar composition, termed nntiuionii oxysul- 
phuretum or Kermes mineral ; also the untin-mii <'. ; , ' r-.,; [.,,. 
trim, tartar emetic, in vinmii antimonii, unguentnm antimouh 
tartralis, syrupus scilhe eompositus. 

What is tartar emetic and its properties t 

It ia the most common of the antimonial compounds used in 
medicine; KShO.T a crystalline white substance, of metallic* 
taste, freely soluble in water with acid reaction, and chars when 
heated to reduesB, 

What are the symptoms of poisoning by tartar emetic? 

Metallic taste, nausea, vomiting, purging, pain in epigastrium, 
intense thirst, as with As, cardiac depression, cramps, convul- 
sions, collapse ; fatal dose from gr. ii to Jss may produca deiHfi 
in from 7 hours to 4 weeks. 

What is the treatment for poisoning by antimenyt 

Favor emesis or induce it by diluent drinks, strong tea, tannin, 
ferric hydrate if doubt as to As. After the more stormy symptoms 
have subsided the great danger is cardiac depression, v 
must he met with stimulants. 

How docs tartar emetic act if continued for some time ? 

It gives rise to perverted health and gradual exhaustion. 

How is 8b detected in suspected chronic poisoning ? 

Obtain vomit or urine fi>r several days ; concentrate this 
acidulate with HCl. Pot some on a bright platinum dish am 
touch for a little while with a slip of zinc, when a black stain nf 
antimony will form on the platinum, soluble in ammonium sul- 
phydrate, and leaving, on evaporation, an orange-yellow stain. 
How can Sb be also detected in concentrated urine or other 
liquids? 

Uy Itciiisch's or Marsh's lest, ulso by dipping pure tinfoil 
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acidulated solution when it will l>e coaled wild Sb if present. 
In all cases antimony itself must lie produced mid verified with 
iitnmonium Milphydrate. 

How can Sb be detected by H S ? 

II ,S conducted through an acidulated solution of Sb will throw 
ilown a reddish-yellow amorphous precipitate of Sb a Sj, soluble 
in NII ( [IS, insoluble in NII.IIO. This has to be reduced by 
flux and made to appear as Sb mirror. 

How can Sb be determined quantitatively? 

By weighing the Sb.jS, ; 100 parts equal 196.4 KSbO.T, The 
SbjS, may also be dissolved in HC1 and then recovered as Sb 
with Keinscb's teat, the increased weight of the copper slips 
giving the amount of Sb present. 

Boron Group. 

What elementary substance constitutes this gronp, and why? 
Boron, If", a. w. 11, sp, gr. 2.IW, a greenish-brown solid body, 
amorphous or crystalline ; on account of its chemical properties 
it cannot be classed with other elements. 

What is the principal boron cemponnd of medical interest? 
Boric acid 11,150,, occurring free in nature; it comes in whir * 

crystalline scales, soluble in 25 parts of water, and is also insolu- 
e in alcohol. It reddens litmus paper, turns turmeric brown, 
id its alcoholic solution burns with a green flame; it is a 

valuable antiseptic. 

What chemical change does boric acid undergo on heating ? 

At 100° C, it loses one molecule H ; 0, (H.BOj— H,t>=HBo,) 
forming meta-borie acid UUO.,; heated to 140° C it forms tetra- 

acid H.B.O,. 
What is the principal salt of H,B,0, ? 

Its sodium salt termed borax Na,B h O„ which occurs in nature 
id Cuds large application in medicine and the arts. 
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Electronegative Tetrads or Carbon Group. 



Carbon. 
What is carbon 1 

An elementary solid, C 11 * IV , a. w. 12, occurring in three prin- 
cipal allotropie modifications: it is not fusible nor volatile. 
What are the principal forms carbon is found in? 

Dianvmd, a crystalline substance of the nometric system, of 

great lustre and hardness, sp. gr. 3.5, bad conductor of heat and 
electricity, combustible at intense beat to CO,. 

Orajthiu, a leaden gray, usually amorphous, snl)stancc of 
unctuous touch, sp. gr. ■2.25, good conductor of heat and elec- 
tricity ; oci asionally found crystalline in hexagonal plates, com- 
bustible with difficulty ; it is sometimes termed plumbago, and 
used for making lead pencils. 

Amtrrphous carbon, the product of incomplete combustion 
organic bodies; also found in the fossil state. 



Name the different varieties of amorphous carbon. 

Soot or lampblack, vegetable coal or charcoal, animal coal 
boneblack, gas carbon or plunibagino. bituminous or soft coal, 
also can net coal, coke, and anthracite or hard mineral coal. 

Describe lampblack and its use. 

The carbonaceous matter condensed from the incomplete com- 
bustion of resins and hydrocarbons, etc.. a finely divided form 
of carbon used for making printing and marking inks. 

Describe charcoal and its use. 

The product of incomplete combustion of wood, has a black 
color, is odorless, tasteless, sp. gr. 1.7 ; it is very porous, and can 
absorb many gases and vapors ('.«) volumes XII,, 55 H.JS, OO,) ; 
it is a powerful disinfectant. When saturated with one kind of 
gas it can still take up others; it contains condensed oxygen 
which can oxidize decaying matter and decolorize organic col 
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Describe animal charcoal, its manner of purification and use. 

A similar production from bone as charcoal from wood ; it is 
purified by treating it with I1CI, and used as an antidote for 
alkaloid ;il poisuun, winch it absorbs. 

Describe gas carbon and its use. 

The carbon deposited in gas retorts, very bard, of metallic 
lustre, good eonductur of electricity, therefore used in galvanic 
batteries. 

Describe the principal varieties of mineral coal. 

Fossil coal in its different varieties containing- C, N, II, O, 
and S, besides mineral ash. Bituminous coal is rich in hydro- 
carbons, and when incompletely combusted leaves coke. Anthra- 
cite is the purest variety of mineral coal, is a good conductor of 
heat, and contain:- aliout itii-'.iS per cent, of pure V. 

What are the compounds cf carbon with hydrogen, and under 
what head are they generally considered? 

Hydrocarbons, which, together with their derivatives, a 
rally considered under the head of organic chemistry, (tke Hy- 
drocarbons and their derivatives.) 

Which are the oxygen compennds of carbon ? 
Carbon dioxide CO., carbon monoxide CO. 

What is carbon dioxide, and what else is it called ? 

Carbon dioxide, CO ; , also termed carbonic anhydride or c 
borne acid gas, is a colorless gas of slightly pungent odor ti 
acid taste. 

State the physical properties cf CO,. 

It is heavier than air, sp. gr. 1.524, and can therefore be 
poured from one vessel to another; it will dissolve in equal 
volumes of wuter without pressure and much more with pressure. 
It condenses under a pressure of 3b' atmospheres at 0° C, to a 
colorless mobile liquid, which, when allowed to evaporate, leaves 
portions of the ( .'0^ as a snow-like solid. 

What are the chemical properties of CO, ? 

It is neither combustible nor a supporter of combustion, unites 
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with water to form carbonic acid, CO,+H-,0=II,CO„ wliich 
forms carbonates with llic bases, is dibasic, and produces b 
acid and normal salts. 
K0B+H,0O,™KHCO 1 +H,0 ; also : 2KOH+II,CO,=K,CO J + 

211,0. 
How is CO, prepared? 

By the decomposition of carbonates by acids. In the gazogom 
hy tartaric acid and sodium bicarbonate, similarly in the effer- 
vescent powders of (In 1 Pharniacopaia, but for laboratory n 
the manufacture of carbonic acid waters by the decomposition 
marble (calcium carbonates), with hydrochloric or sulphurii 
acid. 

CaCO^anC^CaCl^+HjO+CO,. 

Is Co, found in nature and where? How does it result? 

It is found in nature us resulting from the direct combustior 
of carbon, also the decomposition of CaCO,, by heat to formlim 
(CftCO s =CaO-f-OU.,j, as resulting from terrestrial exhalations ir 
caves and mines, when it is called choke-damp ; it also results 
from fermentation in cellars and brewery vats ; it is found fi 
in the atmosphere in the proportion of about 0.05 per c 
volume. 

Where else does Co, result from, in what amounts, and how can 
its presence be proven "'. 
CO, also results as a consequence of the oxidation of the food 
and tissues in the body, and is exhaled as waste product by tl 
lungs, the respired air containing about 4 per cent, volume, 
presence can be proven by breathing into lime water (calcii 
hydrate Ca(OH),), which will be rendered turbid by the insolubli 
CaCO, formed ; this will be redissolved by an excess of H,CO, 

How is CO, principally used in medicine and dietetics? 

As carbonic acid waters or sparkling wines impregnated with 
CO, under pressure; it imparts to them a refreshing, biting, 
sparkling taste, and acts as sedative to the gaBtric mucous mem- 
branes ; also In malt liquors where it results from fermentation. 
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What is the effect of pare carbon dioxide when inhaled? 
It produces spasin of the glottis. 

When diluted with atmospheric air how does it act, and what 
amount of dilution will produce this effect? 
It will asphyxiate persons oven when as little as 5 to 8 per 
cent, is contained in the atmosphere. 

Bow is COj detected in caves, wells, vats, etc.! 

By lowering; a lighted eatullc into I hem, which, if over 10 to 12 
per cent. CO, in present, will be extinguished. If it hums dimly 
even, it is unsafe to deseend into them, ns the candle will burn 
where man cannot live. 

What is the amount of CO in the atmosphere, and why does it 
not increase ? 

The amount of CO., in the atmosphere is about 4 parts by vol- 
ume in 10,000. This is quite constant, as the CO., generated in 
the various ways is absorbed by plants and also inorganic ma- 
terial. 

To what is the vitiation of the atmosphere in crowded rooms 
due? 

Partly to the carbonic dioxide exhaled by the persons in them 
and that generated by the burning of lights therein, also to the 
organic exhalations from the lungs. 

What is the smallest amount of space permissible for each occu- 
pant of dormitories? 
The space for each individual should not be less than 400cnbic 
feet, but for the sick, and especially Lhosi; sintering from offen- 
sive diseases, it should be at least two or three times as much. 

How does CO, act as a poison? 

It nets similar to water in drowning persons by keeping the 
"sygen of the air from reaching the haemoglobin of Hie blood, 
and preventing the elimination of the CO, produced in Ihc blood 
■risd tissues. 

How are persons overcome by CO, to be treated when in inac- 
cessible localities? 

If lliey «&un»t he reached or removed from the place, by add- 



94 ESSENTIALS OP MEDICAL CHEMISTRY. 



the 
if re- 



■he; freshly burned charcoal, which absorbs 3*5.5 volumes of the 
CO,, and by ho doing sets up a current of air towards him, also 
by freshly slate'! lime or forcing in currents of fresh air; if re- 
moved therefrom, by artilicnil re>|iir:ilion, cold douche, far 
disin, friction, etc. 

What is carbon monoxide t 

Carbon monoxide or earbonous oxide, also improperly termed 
carbonic oxide, is a compound of divalent carbon with oxygen, 
CO 11 , ni. w. 23. A colorless, odorless, tasteless gas, little soluble 
iu water, sp. gr. 0.969. 
How is it prepared, and how does it ordinarily result ? 

It is prepared cither by passing CO., over heated charcoal 
CO, + C = 2CO, or by healing oxulie sn-id with strong sulphuric 
acid, the latter decomposing and withdrawing 11,0, and liber- 
ating CO, and CO ; H.CA = H s O + CO, + CO. It results ordi- 
narily by incomplete combustion of coal, as noticeable in coal 
stoves after the draft has been shut oil", also in burning charcoal 
in the charcoal basins without fanning. 

What are the chemical properties of Ca? 

It does not support combustion, but is combustible, burning 
with a blue flame to CO,, reduces many metallic oxides at red 
heal, and as an unsaturated compound unites with other elements 
directly. 
How does it act as a poiaon t 

It acts as a direct poison, paralvzing the red corpuscles, and 
destroying the function of hfemoglobin as an oxygen carrier, 
by uniting with it to form carbonic-oxide hemoglobin, which 
cannot again form oxyhemoglobin. 

What is its effect when inhaled in small quantities? 

It produces languor, debility, amettiiii, and its accompanying 
symptoms ; as little as 0.5 per cent, will kill a bird. 

Why is coal gas poisonous, and why is water gas more so than 
the former? 
Because coal gas contains about 5 per cent. CO, and water gas 
about -7 to 30 per cent. 
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How can CO be determined quantitatively? 

By agitating the gas or air to be examined in a eudiometer 
wilh an tiin maniacal solution of cuprous chloride, which 
absorb it and indicate the amount by the did'crimce of volumes 
after opening it under water. 

How is carbon monoxide detected in the blood after death? 

The blood has a bright-red color; when examined with the 
spectroscope it presents bunds similar to oxyhemoglobin ; the 
latter, however, can be converted to reduced hemoglobin by 
reducing agents, but the carbonic oxide haemoglobin remains 
unaltered when thus treated. 

How are cases of poisoning by CO to be treated? 

Removing the gti-s present in the lungs by artificial respira- 
tion ; this is not curative however. Transfusion of blond w 
be indicated here, also inhalation of oxygen, but principally 
liberal and readily assimilated foods, stimulants, and iron 

What are the compounds of carbon with sulphnr ? 
Carbon disulphide CS, and earbou oxysulphide COS. 

What is carbon disulphide? 

A colorless, mobile liquid, of high refractive power, peculiar 
disagreeable odor, CS„ in. w. 73, sp. gr. 1.27, boiling at 4tP C. ; 
it burns with blue flame to CO., and SO.,, dissolves iodine with 
violet color ; also dissolves phosphorus, sulphur, caoutchouc, 
fats, and oils. 

What compound does carbon form with nitrrgen ? 

Cyanogen gas, C,S ( , m, w. 52 ; a colorless gas, of penetrating, 
pungent odor, similar to that of peach kernels ; sp. gr. 1.8 
coercible, soluble in water, burning with purple-red llame to CO 
and N. 

What is C-N- really, and in which form found in compounds? 

CzN 
C.N. is really clicyauogen of the graphical formula | 

CeN a 
is met with in compounds as the univalent radical cyanogen Cy 
or — Cl N, which behaves chemically like the halogens, form- 
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ing binary compounds with the metals, such as KCy, AgCy, and 
forms a binary acid with H, i. e., HCy, also ternary acids, such 
as cyanic acid HCNO, and sulphocyanic acid HCNS. 

What is hydrccyan'c add? 

Hydrogen cyanide, also termed Prussic acid, HCN or HCy, a 
colorless, mobile liquid ; boiling at 27° C. ; of the specific odor 
of peach kernels. 

How is HCy formed, and how made? 

It forms by the action of the emulsion of bitter almonds on 
the am}'gdalin contained therein, in a similar manner also in 
cherry laurel leaves, peach kernels, wild cherry bark, etc. It 
is also found in the essential oil of bitter almonds. It can be 
made by decomposing a cyanide KCy or AgCy with a stronger 
acid, 2KCy + H.,S0 4 = K 2 S0 4 + 2HCy. 

State the strength of U. S. and cf Soheele's HCy. 

The hydrocyanic acid of the U. S. Ph. contains 2 per cent, of 
HCy, Scheele's acid 5 per cent. The Pharmacopcaial prepara- 
tion is unstable, and therefore of uncertain strength. 

What is the toxic effect of HCy? 

Hydrocyanic acid in solution, in vapor form, or as soluble cya- 
nide, is very poisonous, death taking place, as a rule, within a 
short time, preceded by convulsions, unconsciousness, slow and 
labored respiration, cold extremities, dilated pupils ; generally 
the patient is dead before aid is rendered ; but if he survives 
one hour there is hope of recovery on account of the volatility 
of the poison. 

What is the treatment of poisoning by HCy ? 

Cold affusions, ammonia, galvanism, stimulants, atropine, 
chlorine developed from bleaching powder and vinegar. Smith's 
antidote, composed of ferrous and ferric salts, in presence of 
alkaline carbonates forms non-poisonous Prussian blue. 

How is HCy detected after death? 

1. By the probable presence of its characteristic odor. 2. By 
placing the part to be examined, after acidulation, in a jar, and 
this in warm water, and then cover the jar with a glass plate 
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moistened with AgNO, ; if II Cy is present a white film of AgCy 
will form ; thiB ia not soluble in cold UNO., or only sparingly in 
NI^HO. 3. Proceed in the former manner, but moisten the 
glass plate with KOH, instead of AgNCl,, and touch with a 
Ferric and ferrous salt, which, on addition of IIC1, given rise 
U> a deep hlne color. 4. Moisten the glass plate as in the forc- 
going tests, but with ammonium snlphydrate, and then test with 
solution of ferric chloride, which, if II Cy is present, gives 
rise to a red color, readily discharged on addition of a solution 
of mercuric chloride. This is due to ammonium sulpliocyauide 
being formed, and saliva containing ii gives the same reaction. 
Mccouic acid also gives rise to a red color with ferric chloride, 
but it is not discharged on addition of HgCl.j. 

What ie the oxyacid of [CH) B and what compound does it foi m 
with ammonium? 
Cyanic aeidUCNO, which forms aumiuuimncyauate NI1.CNO 
with a 



Of what interest is ammonium cyanate? 

Because it is isomeric with and convertible Into carbamii 
urea CON^I,. 
What is isomerism 1 

When two substances are composed of the same kind 
number of atoms, but of different physical characters, owing 
the ditl'erent arrangement of their atoms in the molecule. 
State and explain the two kinds of isomerisms. 

Metamerism, when bodies of ditl'erent physical character cor- 
respond in centesimal eomposili mil molecular weight, and 

polymerisni when they correspond in centesimal composition, 
but their molecular weights are diflerent, the one being the mul- 
tiple of the other. 

Give the formula of sulphocyanic acid, name its salts, and which 
occur in the body. 

Sulphocyanic acid Hf.'NS ; forms sulphocyanidcs ; pota 
and sodium sulphocyanide are found in the saliva, and give red 
color with ferric chloride, which is discharged by mercuric 
chloride. 
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Which are the principal raetallocyanides and their ou? 

Potassium ferrocyauide, K.FeCv,. yellow pnwaiate of potas- 
sium, which gives blue precipitate of Prussian blue with ferric 
salts and potassium firii cyanide. KiFe.Cy,., red prussiate e 
potassium, which, with ferrous salts, gives a dark blue precipi- 
tate of Turnbuirs blue. 

Silicon. 

What is silicon* 

Ail elementary solid, Si IV , a. w. 28. 

Which compound of silicon is most abundant? 

Silicic oxide SiO„ in. w. (JO, is found abundantly in minerals, 
quartz, rocks, and sand ; it is found in all natural waters and ii 
the cereals. Coiubiued with water it forms acids which yield 
silicates. 

What silicates are of interest in medicine ? 

The sodium or potassium silicates Xa,SiO„K.SiO„ which are 
soluble in water, ami are used for fixing surgical dressings under 
[In- name of liquid glass. 

What other silicates find common use? 

The mixed silicates of sodium and calcium, or potassium and 
calcium, or lead and potassium, under the name of glass. 

What are the different varieties of glass, their composition, and 
use] 
Soda or »-ft gla«, composed of sodium and calcium silicates, 
fuses readily, used for window and ordinary glass vessels. Pot- 
ash. Bohemian, also hard glass, compose! of potassium and cal- 
cium silicates, not very fusible, are used for the manufacture of 
chemical glassware. Crystal or flint glass, composed oflead and 
potassium silicates, fuse-; more readily, ivfmets li^ht. and acquire 
a clear lustre ; it is used for lenses and optical purposes, etc. 
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Metals of the Alkalies, 

Which are the metals belonging to this group and their common 
characteristics 1 
Potassium, sodium, lithium, rubidium, cirsium, ; 
monium. This latter though :i compound is generally grouped 
with them. They are all soft, fusi hie, and volatile, have great 
affinity for oxygen, decompose water, readily funning basic 
oxides which with water yield caustic hydrates ; they form sol- 
uble carbonates and only one chloride. 

Potassium. 
What is potassium T 

A waxy, bluish-white metallic element K T , a. w. 30, sp. ( 
0.8W5, melting at 02.5° C, distilling at red bent. 

What axe its chemical properties ? 

It has a great affinity for O, tarnishes in the air, and if 
thrown on water it decomposes it -, K + H,0=KOM + II liberat- 
ing II which ignites and bums with a violet name. It has to 
be ke])t immersed in a hydrocarbon on this account. 

Where and how is K formed ? 

Potassium exists in tin lure only in compounds, 1int.1i in minerals 
as well as in plants, from the latter of which it is largely ob- 
tained by leaching out their ashes after combustion ; it iB then 
termed potash or pcarlash, which consists principally of K.,CO,. 

How is X separated from K,C0,1 

Hy reduction of the carbonate with charcoal and distilled over 
K,CO ] +2C=2K + SCO. 

When metallic potassium is thrown on water how is the water 

affected after the reaction, and why? 

The water will become .itk:ilinc ;iflrr reaction on account of tho 

formation of potassium hydrate KOII. 
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What is potassium hydrate? 

FotitsBiuui hydrate or hydroxide, also termed caustic pota 
KOII, m. w. 50.7, is a white crystalline mass which deliques 
readily, absorbing 11,0 and CO, ; it 1ms a strong alkaline reaction 
is readily soluble in alcohol and water, and, from being east in 
moulds, conies usually to market in thin sticks. 

How is KOH prepared? 

By decomposing the carbonate with calcium hydrate am 
evaporating the clear solution to dryness. KpOj+Ca(OH),= 
CaCO.,+3KOH. 

What is the officinal solution of KOH ? 

An aqueous solution of potassium hydrate termed liquo 
potassie containing about 5 per cent. KOTT, sp. gr. 1.0SU ; 
grams should require not less than 25 c.c. of the volumetr 
solution of oxalic acid for neutralization. 
How is the strength of alkaline solutions determined ? 

By alkalimetry with a volumetric solution of oxalic acid, q. i 

How is the process of alkalimetry performed ? 

A certain amount of the alkaline solution to bo testa 
say 10 c.c., is placed in a beaker glass diluted, and to it are added 
a few drops of blue litmus solution as an indicator ; then the volu- 
metric solution of oxalic acid is dropped into it until the change 
of color of the litmus to violet denotes the neutralization. 1 
result is then computed either by stoichiometric proportion oi 
reference to already computed tables, or expressed simply in 
quantity of oxalic acid solution used. 

What is the action of KOH on the tissues? 

It dissolves and destroys them. 

What class of poisons does it belong to, and what others belonj 
to this class ? 

The alkaline caustics, made up of potassium hydrate, sodium 
hydrate, and ammonium hydrate. 

State the symptoms produced by this clasB of poisons. 
Acrid taste, burning sensation in mouth and oesophagus 
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:tion of fauces, inability to swallow, intense pain in stomach, 
abdominal tenderness, purging, prostration, mouth and tongue 
covered with white blisters and eschars. If the patient survives 
there may be sloughing followed by stricture of the ■ esophagus 
and a white waxy appearance from inanition. 

What are the antidotes for poisoning by the alkaline caustics ! 

Diluted vinegar, lemon juice, or other mild vegetable acid;, 
also oils, fats, or milk. 

What are the tests for potassium hydrate? 

Alkaline reaction, absence of effervescence when neutralized 
with acids, violet color of non-luminous flame when platinum 
covered with it is introduced. Neutralized with II CI, a yellow 
precipitate with platinum chloride ensues. 

Which are the potassium compounds with the halogens? 

Potassium chloride KC1 crystallines in vitreous rubes, sp. gr. 
1.S4, found in the blood. Potassium bromide KHr obtained 
together with potassium bronmle, KHi'O,, by the action of bro- 
mine On potassium hydrate, crystallizes in cubes, sp. gr. 2.24. 
Potassium iodide, Kl, crystallizes in cubes, sp. gr. 2.9, dissolves 
in 0.7 parts of water. Potassium fluoride KFI crystallizes in 
cubes, is very soluble in water, rtnd etches glass. 

How are KBr and KI chemically distinguished ? 

Their solutions when decomposed by 01, give in the ease of 
KBr, Ur, recognized by giving a yellow compound with starch 
water, and in the case of Kl, a blue starch iodide ; the iodine 
liberated in this latter test enn also be shown by the \ 
color imparted when shaken with CS, or with chloroform. 

What is potassium cyanide 1 

A compound of K with Cy, KCy, a white fusible mass 
liquesdng in air, of the odor of prussie acid, is very poisonous 
like lit 'v only slower ; treatment for poisoning by it is as in IlCy, 

Which is the officinal potassium sulphide? 

The liver of sulphur or potassium peulasulphlde K,Sj. 
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What is potassium hypochlorite ? 

A compound of K with I1C10, which exists only in soluti 
known as Eau de Javelle, which lias a chlorine odor, aud i 
powerful bleaching and disinfecting agent. 

What is potassium chlorate? 

A salt of cldi'ific acid IK'IO,, in which the H is replaced by 
formula KC1CX, ; crystallizes in shining tablets, not readily 
utile in water. II haw a saline, cooling taste, is astringent, an 
used to make oxygen, q. v. ; it is used internally, and also ( 
gargle, etc ; is poisonous in over doses, and alter death is found 
In the kidneys ; it explodes violently when heated or rubbed up 
with oxidizalile substances, and should not be prescribed with 
these in powder form. 

Which are the two sulphates of potassium? 

Neutral potassium sulphate K,SO ( , crystallizes in rhomt 
prisms, of a hitter, saline taste, formerly employed in makii 
Dover's powder. Acid potassium sulphate KIISO,, cryatall 
in rhombic tablets, readily soluble in water. 

Describe the salt known as saltpetre, End its use. 

Potassium nitrate KXU,. also termed nitre; the result of the 
decay of nitrogenous substances iu presence of potassium car- 
bonate, this process being arlilii-ially employed [or its production. 
It crystallizes in .six-sided rhombic prisms, has a cooling taste, 
fuses at 8.88° C., ami at higher boat gives oli" oxygen. It is 
principally used in the manufacture of gunpowder ; it is poison- 
ous in over doses. Antidote : emetics and raw eggs. 

What two chromates of potassium are there? 

Potassium eliminate, also termed neutral potassium eliminate, 
KjCrO,, yellow rhombic crystals, used as an indicator in the de- 
termination of chlorides. Potassium dichromale K,Cr v O„ also 
called acid or red potassium chroniate, crystallizes in large rod 
triclinic prisms. H is used with II a SO ( in battery fluid. It is 
active poison. Antidote : magnesia and alkaline earths. 

What is potassium permanganate? 
KMnO,, crystallizing iu dark-purple prisms, soluble in wi 
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witti n, beautiful purple color; a valuable oxidising agent and 
i is in feu taut, oxidizing organic matter and forming brown man- 
ganese sesquioxide. Its solution in water is known as Condy's 
fluid. 

Which are the two carbonates of potassium? 
The neutral potassium carbonate, salt of tartar, or pcarlash 
,C0 3 , a white granular deliquescent powder, readily soluble in 
water with alkaline reaction, and the hydropota-sium carbonate 
nr acid potassium carbonate, also termed potassium bicarbonate 
KIICOj, crystallizing in monoehme prisms, not so readily soluble 
in water as the normal salt. 
What is potassium eitiate? 

The potassium salt of citric aeid, abbreviated formula, K a C ; 
officinal in the liquor jiulassii diratis, also tlie misluru potassii 
citratis ; it is antifebrile, and renders the urine alkaline by being 
Qonverted into eai'bouates. 

Potassium acetate, what is it? 

A potassium salt of aeetic acid KCJI/), or KA ; crystalline 
and very deliquescent ; it is diuretic and laxative. 

Which is the principal potassium cxalate? 

~" i acid potassium oxalate or biuoxalatc of potassium 
KIIC.,0, ; a mixture of Ibis with the quad roxa late is known as 
salt of sorrel or salt of lemon, used lor removing ink stains ; re- 
sembles Epsom salts in appearance, and often mistaken for it. 
It is poisonous, the same as oxalic aeid, q. v. 

What is potassium tartrate, and what acid potassium tartrate? 
Potassium tartrate ur soluble tartar results when two H of 
artarie aeid are replaced by K; KX',H ( K ; it is very soluble 
n water. Acid potassium tartrate or potassium bitartrate, also 
ermed ercam of tartar, the salt resulting when only one II of 
irtaric is replaced by K ; it crystallizes in rhombic prisms, only 
lightly soluble in water, and of aeid reaction. 



what is cream of tartar made 1 

gols, the impure aeid potassium tartrate deposited 
■apes in the casks during vinous fermentation. 



From arg' , 
the grapes 
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How are potassium compounds recognized? 

They are mostly readily soluble in water. Tartaric acid will 
give with concentrated solutious a white precipitate of acid po- 
tassium tartrate ; introduced into a non-luminous dame, they 
give rise to a violet coloration. The spectrum exhibits one red 
and one violet line. 

Sodium. 

What is sodium? 

A silver-white, soft, elementary metal Na T , a. w. 5 % sp. gr. 
0.98 ; fusing at 97° C, and distilling over at red heat. It oxi- 
dizes and tarnishes readily when exposed, decomposes water 
disengaging H, and has to be preserved under a hydrocarbon. 
It burns with a yellow flame. 

How is sodium prepared? 

Like potassium, by heating sodium carbonate and charcoal to 
a white heat in an iron retort, when it distils over. 

Where and how does sodium occur? 

It is abundant as chloride in rock salt, also in sea-water and 
saline springs ; also in deposits, as sodium nitrate and borate. 

What is sodium hydrate? 

Sodium hydrate or hydroxide, also termed caustic soda, 
NaOH, is a white, crystalline substance, usually found in the 
market in cylindrical sticks presenting radiating crystalline 
fractured surfaces, attracts moisture, and on exposure changing 
ou the surface to sodium carbonates. Its solution in water is 
known as soda lye, the officinal solution as liquor sodse. 

What are the properties of liquor sodae, and how is it prepared ? 

It is an aqueous 5 per cent, solution of NaOH, sp. gr. 1.059, 
20 grams should not require less than 25 c.c. of volumetric 
solution of oxalic acid for neutralization ; it belongs to the caustic 
alkaline poisons, producing the same symptoms as KOH and 
requiring the same antidote. It is prepared similarly as KOH 
from Na a CO s and Ca(OH) 2 ; Na,C0 3 + Ca(OH) 2 = CaCO, + 
2 NaOH. 
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Phat is the respective physiological effect of potassium, and 

what of sodium compounds 1 
Potassium compounds are heart and muscle poisons, while 
those of sodium are inert. 

What is the chlorine compound cf sodium? 

i chloride, common or table salt, NaCI, crystallizing in 
transparent cubes, sp. gr. 2.13, soluble in about ."'. parts of water. 

What is the function of NaCI in the animal economy! 

It is found in all tissues and liquids of the body, especially in 
e blood. It is ingested with the food and principally elinii- 

lated by the kidneys. In the tissues it tends to promote cull 

nutrition by conducting the osmotic process; it appears in all 

excretions but chiefly in the urine. 

In what quantities is NaCI, or chlorides represented by it, 
eliminated in 24 hours ? 
The total chlorides of (he urine eliminated in 21 hours, con- 
sisting principally of sodium and potassium chlorides, average 
about 12-10 grams. 

Wliat influences the amount of chlorides present in the urine ? 

The amount ingested, also the condition of health; thus in 

febrile diseases they arc diminished, especially when these are 

due to inflammatory exudations ; c. </., in pneumonia, they may 

almost or totally absent and reappear with a limitation of 

the inflammatory process. 

v is the presence of chlorides in the urine demonstrated? 

By adding lirst a few drops of UNO , to prevent the precipita- 

l of the phosphates, and then adding a solution of silver 

nitrate, when a more or less dense precipitate of silver chloride 

will indicate approximately the amount of chlorides present: 

|T(iC3+AgHO ] =NnNO,+AgCl. 

How are the chlorides in the urine volumetrically determined ? 

With a solution of silver nitrate stand imli zed to precipitate 
ccurutely 0.01 NaCI for each c.c. (29.06 AgNO a to 1 liter 
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Describe the process for determining volumetrically the amount 
of chlorides in urine. 
Dilute 10 c.c. urine with 50 c.c. water in a porcelain dish or 
beaker, add a few drops of neutral potassium clii'omate solution 
to give it a distinctly lemon-yellow color. Allow the silver nitrate 
solution to gradually flow into it, while stirring, until the urine 
turns permanently orange-red. Each c.c. of the silver solution 
used indicates!). til N'aCI present in the 10 c.c. urine, or ten times 
the total number of c.c. the percentage of chlorides expressed in 
NaCl, subtracting one c.c AgNO, solution for supersaturating. 

If the urine is highly colored or putrid or albuminous, what 
should first be done? 
The organic matter should be oxidized with potassium per- 
manganate solution gradually added while lioiling until a (hint 
pink hue remains ; the resulting manganese sesuuioxidc is then 
filtered oil', Hie quantity thought up to the original volume with 
distilled water, and proceeded with as above. 

What is sodium bromide? 

A binary compound of sodium anil bromine Nadir, soluble in 
1.13 parts of water at 20° C, and representing 77.07 per cent. 
Br. 

What binary compound does Na form with I? 

Sodium iodide NaT, dissolves in 5<i parts of water at '20° C, and 
represents S4.0 pereent. iodine. 

What is sodium hypochlorite, and in what preparation is it 
contained 7 

Sodium hypochlorite, XnOK). is contained in the liquor Bodte 
chlnrata; or Labarraque's solution, prepared by decomposing a 
saturated solution of chlorinated lime with a solution of sodium 
carbonate. It is a powerful bleaching anil disinfecting agent. 

Give the formulas of the chlorate, hromate, and iodate of sodium. 
Sodium chlorate NaClOj, sodium bromate NalSrOj, sodium 
iodate NaIO r 

Which i» the principal sulphate of sodium 1 
The neutral sodium sulphate Na a SO, known as Glauber' 
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crystallizing in largo efflorescent prisms, which melt in ( 
iiler of crystallization when heated. 

How do the sulphates get into the blood, and how are they 
eliminated ? 

The sulphates of potassium ami of sodium are in part directly 
derived from the foods, and also together with organic sulphur 
compounds from the oxidation of the albuminoids of the body. 
They are eliminated by the urine in quantities of about 3 to 4 
grams in 24 hours. 

How may the sulphates of the urine be demonstrated and ap- 
proximated ? 

By acidulating the urine with a few dropB of HOI and then 
adding a solution of barium chloride which causes a white pre- 
cipitate; this may he compared for approximation with that 
from a known normal specimen of urine. 

How are the sulphates determined volumetrically ? 

By acidulating 100 c.c. urine with IH.Il and boiling it, Into 
this drop gradually from a burette the standard solution of 
barium chloride (30.5 BnCl, in 1000 H ; 0), until no further pre- 
cipitate ensues, test ins: this frequently to attain accurate results. 
Each c.c. of the BaCl, solution used corresponds to 0.01 grm. 
SO,, the total number of c.c. Bad, used gives at once the per- 



What are sodium sulphite and hyposulphite? 

Sodium sulphite Na,SO :11 the salt resulting when the H In H,SO, 
is replaced by Nu. Sodium hyposulphite Na,S,O a is a reducing 
agent and a disinfectant. 

Which are the principal sodium phosphates? 

The disodium phosphate or neutral sodium phosphate Na, 
1IP0„ sodii phosphas U. S., slightly alkaline; and the m 

n phosphate or acid sodium phosphate NaH,PO, of acid 
reaction. 

When Na,HP0, is heated what forms? 
It loses water and forms sodium pyrophosphate Na,P,0 ; . 
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Where is the Na HPO, found in the body and where the NaH, 
PO,? 

The Na.HPO, is found in all the tissues ami liquids of the 
body but is uonvertod into Hie NaIl,PO, by the NalICO, of tbo 
bluixl and eliminated as such in the urine, to which the latter owes 
its normal aeid reaction. Na,l-Il , 0, + NnIICO,=NalI : ,P0 1 + 
Na,CO„. 
Which are the two principal carbonates of sodium T 

Sodium carbonate, sal soda, washing soda, Na,C0 3 , and liyi 
sodium carbonate, aeid sodium carbonate, also sodium biearl 
ate, NaHCO,. 
What is sodium carbonate? Where and how obtained? 

Sodium carbonate in found free in nature, but mostly 
factured on a large scale from sodium chloride. Jt is n salt 
crystallizing with 10 Aij, in large efflorescent crystals, has a 
strong alkaline reaction and yields CO, when treated with acids. 

What is sodium bicarbonate? 

A salt manufactured by treating Na,(,'0 ;! with CO., (JJa,CO J + 
CO,+H,0='2NaHCO J ), of feeble alkaline reaction, giving up 
CO, on heating and boiling forming Na.,00,, ; it crystallizes 
without water entering its molecule. 

What officinal preparations does NaHCO, enter? 

The soda powders (pnlvcres enerveseentcs) and the Seidlitz 
powders (pulveres eflerveseentes aperientes) ; the former con- 
taining NaHCO, and tartaric aeid in different papers, the latter 
NaHCO, with Kochelle salt and tarlaric acid, also in two sepa- 
rate papers. 

How is NaHCO, used in baking? 

To rerate, i. t., raise the bread, hence its name salrcratus or 
liaking powder. It should be mixed for this purpose with cither 
cream of tartar or tartaric aeid sufficient to change it into a 
neutral tartrate, while the CO., given off will render the bread 
light and spongy. 

What is Bochelle salt? 

n potassium tartrate NaKT. + 4An. A double suit o 
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tartaric nciil, in which one TI is replaced liy K and the oilier by 
. It is prepared by neutralizing ereuni of tartar with sodium 
carbonate; it crystallizes in large transparent prisms, ami is 
Teailily soluble in water. 

How are sodium compounds recognized? 

They are almost all readily soluble in water ; inserted into a 
non-luminous flame they give rise to a yellow coloration, and, 
viewed through Ibe s pec tros cope, they exhibit a yellow 

Lithium. 

What is lithium? 

An elementary metal Li, a. w. 7, ep. gr. O.'ifi ; the tightest o 
all mc*~ila known ; found in compounds in varices mincnils and 
ibe waters of some mineral springs. 

■What is lithium carbonate? 

Lithium carbonate Li,0O, ; a valuable antacid, rendering the 
urine alkaline, and forming soluble lithium urate with uric aeid. 
It is a white, pulverulent substance, very tit He soluble in plain 
water, but considerably mere so in carbonic aeid water. 
What is lithium bromide, and what its advantages over other 
bromides? 

Lithium bromide LtBr is a crystalline substance, very deli- 
quescent, containing more bromine than any other bromide 
fill.'.!.', percent.). 

What are the characteristic flame reactions of Li compounds ? 
They produce, when inserted into non-luminous flames, :i 
bright-red coloration, which, when viewed through a spectro- 
scope, causes an intense red line in the spectrum. 

Ammonium. 

Why should ammonium, NH : , be considered with the metals of 
the alkalies? 
Because it shows in its chemical action much similarity to 
Ihem, forming salts like them, and can be converted i 
amalgam with mercury, NlI,Hg. 
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What is ammoninm hydrate * 

NH,OH, formed l>v pa^imi gnscous ammonia NH,intow 
Nil, + Hp = NH.OH; a clear liquid, of strong amnion 
odor, lighter than water, of a strong alkaline reaction, which, ( 
heating, is decomposed into SH :| iitid H,0, 

■What is aqua ammonite, and what aqua ammonia; fortioi 
U.S.* 

An.ua ammonite is an aqueous solution of Nil,, sp. gr. O.0!50, 
ooulaining Id per cent, by weight of the gas. Aqua a 
fortior is the same, but has a sp. gr. 0.900, and contains 28 per 
cent, by weight of the gas. 

To what class of poisons does NH.OH belong? 

To the caustic alkalie.*, producing the symptoms of these w 
greater respiratory disturbances, and requiring the antidote 
already mentioned for this class (see Potassium hydrate). 

Which are the principal halogen compounds of NH, ? 

Ammonium chloride NH.C1, ammonium bromide NII.Br, am- 
monium iodide NH t I. 

How is NH.C1 prepared, and what are its properties? 

Muriate of ammonia or sal ammoniac NH.C1 is prepared by 
neutralizing NH.OH with HC1 ; NH.OH + HC1= N1I.C1 + 
n,0 ; crystallizes in small feather-like forms, of a sharp, salty 
taste ; dissolves readily in water, and sublimes without melting ; 
heated with KOII, NaOH or Ca(OH)„ it gives off NH,. 
What is ammonium hydrosnlphide and its use ? 

Ammonium sulphydrate, NH.IIS, is acompound produced b 
saturating NH.OH with 11,8 ; it is at first colorless, but b 
yellow. It is principally employed as a precipitant in the labc 
ratory for analytical purposes. 
What is ammonium sulphate ? 

(NHJjSO,, obtained by saturating NH.OH with H,SO, ; a crys- 
talline salt, readily soluble in water. 

What is ammonium nitrate, and its use ? 

NII.NO,, a salt produced by neutralizing Nn.OH with UNO. 
and crystallizing from its solutions in long six-sided prisms. 



CHRMISTHY. 



Ill 



is very soluble in water, and fuses at 150° C, decomposing at 
210° into nitrous oxide N,0 and water; this is utilized for the 
production of nitrons oxide for myesthesia. 

Where is ammonium nitrite found, and how formed? 

It is found in the air alter thunder-storms and in Tain-water, 
resulting from the action of the electric spark on moist air. 

Which are the carbonates of ammonium ? 

Neutral ammonium carbonate (Nil,) CO, decomposes readily 
into NIIj and acid ammonium carbonate NII,IIOO a . The ani- 
monii earbonas U. S., or so-called ammonium sesqui carbonate, 
also sal volatile, is a mixture of the acid ammonium carbonate 
with ammonium carbamate (NH.IICO, + NII.NHjCOJ. 

How can ammonium compounds be recognized ? 

They are colorless, volatile, and give oil' NIT, when treated 
with bases. This may be recognized with moist litmus paper, 
which turns blue. With platinum chloride they give a yellow, 
crystalline precipitate. 



Hetals of the Alkaline Earths. 

Which are the metals composing this group ? 
Calcium, strontium, barium. 

What are the characteristics of the metals of this group? 

They are divalent, form basic hydrates, and insoluble carbon' 
ates, phosphates, and sulphates. 

Calcium. 

What is calcium? 

A light-yellowish metal Ca, n. w. 39.0, sp. gr. 1.5778, decom- 
poses water, and burns with a bright light. It is abundant 
throughout nature in its compounds, principally as carbonate. 

What is the principal calcium oxide, and how prepared ? 

Calcium oxide, also termed lime, or quicklime, calx U. 1 
CaU is prepared from the native calcium carbonate CaCO, (lime- 
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stone or marble), by heating it in kilns for that purpose. C'nCO, 
= CaO + CO a . From liie air it attracts CO, and again forms 
CaCO,. 

Slaked lime, what is it chemically, and how obtained? 

.Slaked lime or calcium hydrate Ca' Oil)., is a white amorphous 
l>owder, forming a milky pnste with water (milk of lime), and 
dissolves in cold water, about 1 part in TOO ; this is termed lime- 
water, liquor calcis U. S., and prepared by the action of water 
on CaO ; CaO + H ; = CalOH),. 

What is syrnpns calcis 1 

A solution of Oa(OH), in sugar and water. The addition of 
sugar makes the Ca(OIIl, very much more soluble, 1 lluidoun.ee 
containing; about ft grains. 

If lime is taken in substance, what is the iffett, and what the 
antidotes ? 

It acts as a caustic poison. Antidotes : diluted acids and 
oils. 

What is calcium fluoride? 

Fluorite or fluor-spar CaFl.„ used for obtaining hydrofluoric 
acid HF1. 

What are the compounds of Ca with CI, Br, and II 

Calcium chloride Cat'i, calcium b-remkle CaBr,, calcium iodide 
Cal,. 

How iB caleium chloride prepared and how used? 

It is prepared by the action of HC1 ou CaCO„ ; Ca<.'0,-+ 2IIC1 
=CaCl.j+II,COj. It is a crystalline deliquescent salt, which, 
when heated, loses its water of crystallization and appears it 
ffiscd state ; it is used for freezing mixtures, also for desiccating 



What is chlorinated lime 1 

Bleaching powder or calx chlorata is probably a mixture of 

calcium hypochlorite Ca(CIO)., anil calcium chloride CaCl, or 

CaClCIO ; it is prepared by passing chlorine over slaked lime : 

2Ca(0H),+2Cl ] =Ca(0Cl),+CaCL,-i-2n i O 1 
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d principally as ;i bleaching and ri Tsin Ti.-i-l in.u fluent, de- 
pending on the liberation of CI by II.CO. of thu air or by other 
acids admixed with it. 
Calx sulphnrata U. S„ what is it? 

A mixture of calcium sulphide CaS ami calcium sulphale 
Ca80„ prepared by beating together lime and precipitated 
sulphur. 

What 1b calcium sulphate, and in what form is it generally 
used? 
Calcium sulphate in it* crystalline funti is known as gypsum 
CaSO,+2Aq, and when dehydrated by calcination Is known as 
plaster of Paris, used for lixed surgical dressings, as on mixing 
Willi water it again assume- it- hydralcd crystalline state. 

What compounds does Ca form with phosphoric acid? 

The acid calcium phosphate or mouocalcium phosphate, nlBo 
termed superphosphate of lime, Cn(II,PO,), ; the di-calcium 
phosphate Ca,(HP0 1 ],,-l-2H,0, and the tricak-mm phosphate or 
neutral calcium phosphate, also teraied bone phosphate and 
precipitated phosphate of calcium Ca,(POJ,. 

Which of the three calcium phosphates is principally found in 
the body, and what part thereof? 
All three are fouud in Hie body, but principally the neutral 
salt, which is contained in a large amount in the bones and thu 
toeth ; it is sometimes fouud in the urine, the acid Bait being 
always present therein and forming there along with the mag- 
nesium phosphate the so-called earthy phosphates. 
What is the total elimination of phosphoric acid by the urine 
in 24 hours, and what part of the phosphates so elimi- 
nated are phosphates of the alkalies, and how much 
earthy phosphates? 
The total elimination of phosphoric acid in the form of phos- 
phates is about 2-3 grams in 24 hours, two-thirds of which arc 
alkaline and one-third earthy phosphates. 

How can the earthy phosphates of the urine be separated? 
By rendering the urine alkaline with KOII or NaOIl, when, 
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What are the officinal firms of CaCO, ? 

J'tf*;i Imitated chaik. oalcii ttirbooas prseeipttatus U. S.. pre- 
pared by pr^;ipitating a solution of CaCL with Xa.COf aod 
prepared chalk, trcta praeparata U. S.. a native friable calcium 
CftrbcmaU; freed from most impurities by elutriatiou. 

What are the properties of CaCO, ? 

It is almost insoluble in pure water, but soluble in water con- 
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tabling H v CO„ forming probably calcium hydroearbonale or 
acid carbonate, also called bicarbonate of calcium. As ninny 
waters, streams, and springs arc strongly impregnated will) 
II.CO., they hold CaUO, in solution and deposit il on evapora- 
tion, as illustrated by the formation of stalactites. 
By which analytical reactions aie calcium compounds recog- 
nized? 
Solutions of calcium sails are prceipitnii'd by alkaline carbon- 
atcs and phosphates ; ammonium oxalate gives a white pre- 
cipitate with them, insoluble in weaker acids, but soluble in 
strong HCI or HJIO H . With sodium turtgttate they give dense 
white precipitates. Calcium salts color a non-luminous Hanie red. 

Barium, 

In which form dees barium occur in nature, and what are its 
symbol and a. w. ? 
Barium is found exclusively as a native sulphate, which, on 
account of its great weight, is also called heavy spar and baryles ; 
tlie native carbonate is termed witherite. The symbol of barium 
is Ba ; a. w. 137 ; sp. gr. 3.6. 

What are the oxides and what is the hydrate of barium? 

There are two. barium oxide, also called baryta BaO, and 
barium peroxide BaO,, used in milking hydrogen peroxide. 
When barium oxide is dissolved in water it forms barium hy- 
drate or hydroxide Ba(OH)„ the solution being known as baryta 
water, which is strongly alkaline, and is rendered turbid by CO„ 
insoluble BaCO, being formed. 

What are the compounds of Ba with CI and with HNO ... and 
their use? 

Barium forms a soluble ciysialli/able barium chloride, BaCl.,, 
frith CI, with HNO, it forms a soluble crystal I izable barium 
nitrate BafNO,), ; both of these salts are used for the detection 
and determination of sulphuric acid and soluble sulphates. 

What is the action of the soluble barium salts on the human 
economy ? 
Tiny are actively poisonous. Antidotes : soluble sulphates. 
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How are the barium compounds recognized? 

Their solutions give white precipitates with alkaline carbon- 
ates, also heavy white precipitates with H,S0 4 or soluble sul- 
phates, insoluble in acids, white precipitates with alkaline 
phosphates soluble in HN0 3 ; they color a non-luminous dame 
green. 

Magnesium Group. 

Which are the principal metals of interest in this group, and 
what are their common characteristics ? 

Magnesium, Mg, Zinc, Zn, Cadmium, Cd. They are all 
dyads forming but one oxide and one sulphide. Their oxides 
and hydroxides are almost all insoluble in water; they form 
soluble sulphates and insoluble carbonates and phosphates. 

Magnesium. 

What is magnesium? 

A bright silver-white metal, Mg, a. w. 24, sp. gr. 1.75, burns 
when ignited with intense white light to magnesium oxide, MgO, 
dissolves readily in dilute acids forming salts, and is not attacked 
by alkalies. 

When and how does magnesium occur in nature? 

Its compounds abound in nature as carbonate, as silicate in 
talcum, soapstone, asbestos, and meerschaum, as soluble salts in 
most natural waters, and largely so in sea-water and some mineral 
springs ;they are also present in the economy into which they 
enter by the foods and water, and are eliminated by the urine as 
phosphate. 

What is magnesium oxide? 

Magnesia or calcined magnesia MgO, obtained by calciniug 
the hydrate or carbonate ; a white, voluminous, amorphous pow- 
der, very insoluble in water ; two varieties are used in medi' 
cine, of which the former is known as magnesia or magnesia 
levis, while the heavier article is known as magnesia ponderosa. 
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What is magnesium hydrate? 

Magnesium hydrate or hydroxide Mg(OII), is the precipitate 
resulting when a solution of a magnesium snlt is decomposed by 
the hydrate of potassium or sudium ; iii suspension with water 
it is known as milk of magnesia. 
What is magnesium chloride? 

A very deliquescent salt MgCl,, present in many mineral 
springs, and in some impure grades of table salt. 
What is magnesium sulphate ? 

Magnesium sulphate, Epsom mi.Ii M^SO, + 7Aq, found in sea- 
water and in a number of mineral springs. It crystallises 
four-sided rhombic prisms, is readily soluble in water, has a 
bitter, saline taste, and (inds much use as an aperient. 
Which are the principal phosphates of magnesium ? 

The tri-magnesium phosphate M^.jPo,)., in bones, the monii- 
mngnesium phosphate MglIPo,+7Ai| present in the urine; when 
it meets ammonium compounds, it forms the ammonium-magne- 
sium phosphate MgNH,PO,+ OAq, also termed triple-phos- 
phate. 

MgHPO, + NII.HO = MgNH.PO, + H,0. 

What is the cause of the formation of triple-phosphate in the 

urine, and what is its significance ? 
When urine is decomposed by putrefactive change amnion: 
ewbeeata is formed, OON,H, + H s O = (NHA,Ca, ; this y 
magnesium phosphate yields amnioiiimn-majiiii'sium phosphate, 

2MgHP0 1 +fNH 4 ),CO ] = H,CO a + i!MgNII 4 FO„ 
which separates out in microscopic prismatic crystals resembling 
coffin lids. If these occur persistently, the liability to form: 
tiou of fusible or triple-phosphate calculi arises. 

Which are the principal carbonates of magnesium ? 

Neutral magnesium [-arhonate MgCO,, which occurs in nature 
us magnesite. The cungiicsii carbonas of the Pharmacopeia " 
a mixture of magnesium carbonate with magnesium hydra Lo 
(MgO ) l ) 1 Mg(OH),+ 511,0 ; a white voluminous powder, usually 
offered iu the market a> light- white cubes. This, when suspended 
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in water and carbon dioxide, is passed through it, dissolves and 
forms what is known as liquor magnesii carbonatis or fluid mag- 
nesia. 

How are magnesium compounds recognized? 

The alkaline hydrates precipitate from their solutions magne- 
sium hydrate, the carbonates basic magnesium carbonate ; the 
precipitates are insoluble in water, but soluble in solutions of 
ammonium salts from which di -sodium phosphate precipitates 
ammonium-magnesium phosphate. 

Zinc. 

What is zinc? 

A bluish-white metal, Zn, a. w. 65, of crystalline fracture, sp. 
gr. 7-7.2 ; fuses at 412° C, and distils at about 1000° C. It is 
soluble in dilute acids with liberation of H, also in KOH or 
NaOH on boiling, when it yields H as with acids. 

What is zinc hydrate ? 

A white amorphous powder Zn(OH)„ precipitated by the de- 
composition of a zinc salt solution with an alkaline hydrate, in 
an excess of which it is freely soluble. 

What is zinc oxide? 

A white, tasteless powder, ZnO, insoluble in water, but freely 
soluble in acids, with which it forms salts ; it turns yellow on 
heating, and white again on cooling. It is largely used in the 
arts for paint, as it will not darken on exposure to H^S like the 
lead pigment ; it is also employed in medicine, both internally 
as well as externally, in the unguentum zinci oxidi. 

What is the chlorine compound of zinc? 

Zinc chloride ZnCl„ a white deliquescent fusible substance ; it 
is a painful caustic ; in solution, containing 50 per cent., it is 
known as liquor zinci chloridi ; it is used as a flux for solder, 
also as a disinfectant (Burnett's disinfecting fluid) ; diluted it 
serves as a soft injection for the preservation of dead bodies. 

What is the toxic action of ZnCl,, and its antidote? 
It coagulates albumen, hence its corrosive action, and again 
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V»y absorption it. manifests its specific :u:tiou on the nerve centres, 
\»aralyziug motion, and causing tremor and coma. Antidotes : 
milk, eggs, anil vegetable astringents. 
"What sulphide do neutral solutions of zinc salts yield with 

white zinc sulphide ZnS. 

What is zinc sulphate ? 

White vitriol ZnSO„ crystallizing with 7An in rhombic crys- 
tals, resembling those of magnesium sulphate ; it forms insoluble 
compounds with albumen and milk ; it is a rapid, uuu-depress- 

g emetic in doses of gr. xs-sss. 

How may the compounds of zinc be recognized? 

Their solutions give a while precipitate with alkaline hydrates, 
soluble in excess; K,CU, and Na,CO :! white precipitate, insoluble 
in excess ; (NH,),CO a white precipitate soluble in excess; H,S 
white precipitate from neutral solutions ; ammonium sulphy- 
dmte white precipitate, insoluble iu excess of it, as well as in 
KOH, or NaOH, or NII.OU ; potassium fcrroeyantde white 
precipitate, iusoluhle iu HC1. 



Lead Group. 

Which are the metals of this group 1 
Lead and thallium. 

Lead. 

What is lead ? 

A bluish-white heavy metal, Ph, a. w. 207, soft and ductile, of 
bright lustre on freshly-cut surface, becoming tarnished after 
exposure ; sp. gr. 11.37 ; fuses at 325° C. ; forms alloys with 
other metals ; among these is type-metal, composed of lead and 

itimony, and soft solder of lead and tin. 

What is the principal source of lead 1 

Galena, a native lead sulphide, from which it is separated by 
rua sting. 
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What is the action of water on metallic lead? 

Pure water does not act on lead, but by the action of air and 
water, alternately, it become* coated with lead hydrate Fb(OH),, 
which is somewhat soluble in water; thus new lead pipes may 
give rise to the contamination of water. If the water couiaui* 
CO, and salts, the lead becomes coaled with insoluble carbonate 
anil sulphate, and old pipes therefore jrivc "reater immunity 
from contamination ; however, by an excess of CO„ the carbon- 
ate may be rendered slightly solulile. The presence of nitrates 
niul nitrites in water conducted through lead pipes also tends to 
produce lead contamination in water. 

What is lead hydrate? 

Pb(OII), ; a wliite precipitate thrown out from solutions of 
lead salts by alkaline hydrates ; it renders water alkaline, aud 
forms lead carbonate with UCv 

Which are the principal oxides of lead ? 

Lead monoxide, I'bO or litharge, lead peroxide or dioxide 
PhO„ pi umboso- plumbic oxide Pb a O, or minium. 

What is lead monoxide? 

I'bO, litharge, is the officinal plumbi oxidum, produced b, 
healing lead in the air, is a reddish. yellow subs l« nop, of rhom- 
bic scales, or when obtained as yellow amorphous powder it is 
known as massicot. It has strung basic properties, saponifies 
I'als, producing with olive oil the emplastrum plumbi U. B., 
melts at red heat, and unites with silicic anhydride to form 
Icail glass ; it is employed thus to make the glaze on pottery ; it 
is also used as a dryer for paints; it dissolves in water as 
hydrate, rendering it alkaline, anil absorbs then CO^ ; it also 
dissolves in hot solutions of KOII and XaOII, from which it 
crystallizes on cooling. 

What is lead peroxide? 

Lead peroxide or dioxide, PbO, ; a brown amorphous powder 
remaining when minium is treated with UNO-,. It lias aeid pro- 
perties uniting when warmed with KOII to form polassie plum- 
hate, K.PbO, +■ 3A<i. 
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What is minium? 

Red lead or mitiiurn is a bright red jiowder Pb|0,. a compound 
of lead oxide with lead peroxide (PMIJ.PbOj. It is obtained by 
heating litliarge to 300-400° C. in the air ; it is used as a pig* 
ment for red paint. 

What is lead chloride ? 

PbCl v , the white precipitate resulting by adding IIC1 or a 
soluble chloride to solutions of lead salts, II, is very little soluble 
in cold water, soluble in 30 parts of hot water, from whicb it 
crystallizes on cooling. 

What is lead iodide? 

Pbl„ the yellow precipi I ale rr-si ill in^ fri -in solu I iousof lead salts 
when treated with potassium iodide ; little soluble in eold hut 
more freely soluble in boiling water, from which it crystallizes on 
cooling in beautiful six-aided platcsdiscernible under the micro- 
scope ; it is readily soluble in KUII. 

When solutions of lead salts are treated with H S what results? 
Lead sulphide PbS. ;\ blaek amorphous powder, insoluble it! 
dilute acids. In nature Fhfj occurs in cubic crystals of a metallic 
and is commonly known as galena. 

If sulphuric acid or soluble sulphates are added to solutions of 
lead salts what results ? 
Lead sulphate PbSO,, a white powder almost insoluble in 
water. 

What is lead nitrate ? 
l'UNiM,, a crystalline salt resulting when lead is treated with 
"t dissolves iu 8 parts of water, and as such forms a dis- 
ivting fluid called Ledoyen's solution. 

When to a solution of lead salt potassium chromate is added 
what is formed ? 
Lead chromnte, chrome yellow, PbCrO,, a bright yellow amor- 
phous powder, insoluble in weaker acids but readily soluble in 
KOH. It is used largely in the arts as a pigment, and lias been 
used with fatal cllect to give buns and cakes the yellow color of 
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Which is the principal lead salt used in medicine ? 

Lead acetate or sugar of lead Pb(C 1 H,0,) 1 +a Aq, also termed 
Biicclmruiu Batumi, Crystallizing in largo, colorless prism!*, of 
sweetish taste, acetous odor, acid reaclioa, and efflorescent on 
exposure ; with water containing CO., it makes turliid solutions, 
lead carbonate being precipitated. 

For what purposes is lead acetate usually employed ? 

In medicine as a sedative and astringent; it is generally found 
as an ingredient in the dilleivnl, hair-color restorers, and while 
not very actively poisonous itself it may become so if its use in 
such a manner is persistently continued. 
When lead acetate in solution is boiled with lead oxide, FbO, 
what results? 

The PbO is dissolved and a solution of lead subaeetale or 
basic lead acetate is formed, which is known as the liquor plumbi 
subacelatis U. S., also termed Goulard'B extract ; when diluted 
it is known as the liquor plumbi subacelatis dilutus or lead 

What is neutral lead carbonate? 

Lead carbonate PbCO, is ;i white amorphous powder, different 
commercial forms of which are known as white lead, flake 
white, crernnila white, etc., which are basic varieties; such is 
also the plumbi carlxmas U. S. (PuC0 3 )J?b(OH) r 

For what purpose is the lead carbonate employed? 

Principally as pigment and base fur oil paints, for making 
plumber's joints, in medicine in ointment form, for glaze of 
paper, and frequently as a most ohjeetioiiable cosmetic. It is 
the most unisonous of the lead compounds. 
What are the symptoms of acute lead poisoning? 

Metallic taste, thirst, colic, constipation, cramps, urinary sup- 
pression, convulsions, but the mind is preserved to the last. 
Is the prognosis in acute lead poisoning favorable, and what is 
the treatment for it? 

Prognosis iu such cases is generally favorable; treatment 
should consist of emetics or stomach-pump followed by cither 
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magnesium or sodium sulphate and sulphuric acid lemonade 
to produce insoluble lead sulphate together with morphine for 
pain. 

From what sources may chronic pi uranism arise t 

From drinking water or beer conducted through new leaden 
pipes, inhalation of, or absorption by the skin of white lead or 
paints, from snuff or chewing tobacco wrapped in lead, from 
lead-glazed pottery, from contact with lead or lead compounds* 
as in plumbers, painters, lead workers, miners, type founders, 
also from cosmetics and hair restorers containing lend, and 
even from bat linings or biting off silk weighted with lead. 
What are the symptoms of chronic plumbism ? 

Indigestion, colic anil eonslipruiuu, cachexia, ptyalism, weak- 
ness of muscles of forearm, lead palsy, wrist drop, paralysis of 
extensor muscles with atrophy of extensor and interosseous 
muscles ; blue lines arising from deposit of PbS on the gums 
due to the presence of II ? S io the breath and decaying food ; 
arthralgia, encephalopathy, spasms, mania, melancholia, con- 
vulsions, coma. 

What is the treatment of chronic plumbism ? 

To clear out the alimentary tract with MgS< >, or Na ( SO n 
potassium iodido, tincture of iron, and galvanism. 

How can lead compounds be recognized? 

They give from acid solutions a black precipitate with H,S, 
insoluble in acids, also with MI, TIM insoluble in excess. With 
sulphuric acid or soluble sulphates a while precipitate ; with 
potassium iodide a yellow precipitate, also with potassiun: 
chroma te. 

How is urine or other liquids, suspected to contain lead, to bt 
tested? 

Concentrate to dryness and incinerate ; dissolve residue ir 
UNO, and evaporate solution to dryness over a water bath, dis- 
solve in distilled water and test with H,S. The sulphide, if 
sufficient, may then be reduced by the blow-pipe to a malleable 
particle of lead, or it limy he dissolved in UNO,, the acid evnpo- 
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rated anil residue dissolved in d is lilted water to he tested « 
KI, when the lend iodide, after healing, will ho seen under 
microscope as six-sided plates. 



Copper Group. 

Of what metals does this group consist 1 
Copper, mercury, and silver. 

Copper. 
What is copper 1 

A reddish- hrown metal Co, a. w. 63.2, soft and ductile, i 
gr. B.9, unaltered in dry air, with moisture it is uoatod with 
green copper carbonate ; on healing it oxidizes tn blaek euprii 
oxide. Dilute HOI or H,SOj does not act on it, but thestronge 
acids dissolve it to form salts. 

Which are the principal alloys < f copper t 

Brass =Cu-j-Zu ; bronze Su or Pb or Zn+Cu ; bell 
Sn+Cu ; German silver Cu+Zn+Ni. 

What two classes of compounds does copper form? 

Cupric and cuprous ; it is divalent in the cuprie and i 
valent iu its"ous'' compounds; the molecules of the latte 
however, are to be regarded an amble formulas. 

ThusCu=0,Cu=Cl„Cu={OH),,Cu=S0 4 ; "ic" compounds. 



Cu 



Cu/ 



0=Cu,0; | 



Cu-CI 



=Cu,Cl, ; 



mpiiutiils. 



What is cupric hydrate, and how derived? 

A greenish-blue preripitale resull.iiig when a solution of a 
copper salt is treated with sodium or pniassitim hydrate. 
(OH),. It readily changes into blaek cuprie oxide when heate- 
Cu(OH),=CuO+H ; 0. 

What is cupric oxide ? 

A blaek amorphous powder CiiO. forming when Cu(OH), ii 
heated as above, also by oxidation of copper turnings ii 
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nir. By hratiug it reduces carbon compounds forming carbon 
dioxide and water of them. It dissolves in the alkaline hy- 
drates with a dark blue color, directly with Nil, Oil, and in the 
presence of organic substances with KOII or NaOH, In 1 lie 
presence of glucose it is reduced at the boiling point to Cn.fi. 

What is cuprous oxide? 

A bright and crystalline powder Cu.O, forming when a solu- 
tion of CuO in NaOH or KOII is boiled in the presence of grape 

Which are two chlorides of copper? 

Cuprie chloride I'uCI, niul cuprous chloride Cu.Cl... The latter 
dissolved in Nil, 110 has the property of absorbing carbon mon- 
oxide, and is used for the analysis of thai gas. 

What precipitate does H.S yield with copper solutions? 
A brownish-black precipitate of copper sulphide CuS. 

Describe the sulphuric acid compound of copper. 

Copper sulphate or sulphate of copper, also blue vitriol or bluc- 
fltone CoSO, -+- 5Aq, is formed by the action of strong H,SO t on 
copper. It is a blue crystalline clllorcsccnt salt, giving off its 
water of crystallization on heating, and appears then as a white 
powder. CuSO, is an emetic, principally used in phosphorus 
poisoning. 

What compound results when a solution of CuSO, is treated 
withHH.OH? 

A greenish-white precipitate is at first thrown down, which 
dissolves in an excess of the NII.OII witli adcep-blue color. This 
solution is known as the solution of annuomo-sulphate of copper, 
and a dry salt of that name is also ollicinal. 

What is copper nitrate? 
Cuprie nitrate Cn(NO ) , ; a crystal line salt, of dark-blue color, 

readily soluble in alcohol and water, and decomposed by heat 

into cuprie oxide. 

Describe the compounds of copper with arsenic- 
Copper nraenite Cu(AsO.) ., also called Meltcele's green, is a 

bright-green powder, precipitated by treating copper solutions 
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with sodium or potassium arsenite. Schvvoinfurth or Paris 
green is an insoluble green crystalline powder, representing a 
mixture of acetate and arsenite of copper ; both of these com- 
pounds are extremely poisonous, and the latter especially is 
used extensively for destroying insects on plants (potato bugs, 
etc.). 

Which is the principal carbonate of copper* 

The greenish-blue precipitate resulting when a solution of cop- 
per is treated with an alkaline carbonate ; it is a basic carbonate 
of copper, CuCOjCufOH),, also occurring in nature as malachite 
of a beautiful green color. 

What are the two acetates of copper ? 

Cupric acetate or diacetste Cu(C,II,0,), + Aq ; large bluish- 
green crystals, and acetate of copper, eupri aubaeetas TJ. S., 
also called verdigris or rerugo, consisting of a mixture of three 
different bask: acetates of copper, which occur in masses of pale- 
green or bluish color. 

What are the poisonous properties of copper ? 

Pure copper is non-poisonous, but tile commercial variety is 
rarely free from arsenic. Pure copper should not stain if boiled 
in IICl ; copper vessels are often soldered with Pb and Sn, and 
these may prove poisonous. Food decaying in copper vessels 
often generates poisonous ptomaines. Copper is probably dis- 
solved by food from all copper vessels, but lliis is so little that it 
does no harm, hut if the vessels corrode, anil the food takes up 
the compounds, poisonous symptoms may arise. 

What are the symptoms of poisoning by copper compounds? 

Vomiting and metallic taste of vomit ; color, resembling that 
of bilious vomit, greenish ; turning blue on addition of IIN,OJT ; 
purging, tenesmus, colic pains, suppression of urine, and jaun- 

What are the antidotes for acute copper poisoning? 

Iron by hydrogen, eggs, and demulcents. 
Describe the symptoms of chronic copper poisoning'. 

These arc frequently met with in malachite and copper 
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workers ; they exhibit a green line on tlie gums, lassitude, A 
bility, tenesmus, and diarrhoea. 

Which articles of food may give rise to copper poisoning? 

Pickles, peas, and si ring-beans are sometimes colored with 
copper salts. Dentist's gold mixed with it may cause it, also 
spoiled flour corrected with C'u compounds, and jellies, sweet- 
meats, preserves, and (ills left ."landing hi copper vessels. 

How may copper compounds he recognized? 

Metallic iron, such as needles or knives, dipped into articl 
containing topper eonrpounds, beeome covered with metallic cop- 
per ; H S S gives with C'u solutions blaek precipitate, also ammo- 
nium sulphydrale, NJI ( OIi in excess strikes a deep blue color, 
and potassium ferrooynnide n brown precipitate. 



Mercury. 

What a e mercury and its properties? 

A bright metallic liquid Hg, a. w. 200, sp. gr. 13.0 ; volatile 
at all temperatures ; boils at 360° C. ; forme alloys with almost 
all metals ; remains unaltered in the air, but oxidizes at or near 
its boiling-point. 
What two classes of compounds doe* Hg form? 

Like copper it forms "ous'"and"ie'" compounds, being divalent 
in the "Ic" and monovalent in the "oils" compounds, the mole- 
cules of the hitler however seem 10 In: regarded as double for- 



up- 



Hg, 






innlas. Thus : Ilg = O mercuric oxide, | \0 

Is Hg as metal poisonous, and to what do its galenical prepara- 
tions owe their activity ? 

In its metallic slate it may bo said to be non-poisonous, im- 
mense quantities having been ingested without disadvantage, 
and its preparations arc more active on account of the mercurous 
oxide being present in them. 

Which are the officinal preparations of metallic mercury? 

Hydmrjr. cum ereta US per cent. ; massa hydra rg., blue mass, 
33 per cent. ; unguent, hydrarg., blue ointment, -15 per cent. 
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What is the difference in action of the "ons" and " ic" com- 
pounds of Hg. ? 
The "ous" compounds are mild in action, and the u ic" com- 
pounds are violent and poisonous. 

Which are the two oxides of mercury ? 

The mercurous or black oxide, Hg 2 0, and the mercuric or red, 
also binoxide, IlgO. 

What are the properties of mercurous oxide, and how formed? 

It is a brownish -black powder, gradually changing toHgOand 
Hg. It forms when a mercurous nitrate or chloride is treated 
with KOII or N.aOH. It also forms when mercurous chloride 
(calomel) is treated with lime-water, Ca(OH) 2 , and then forms the 
lotio nigra. 

Which are the two kinds of mercuric oxide, and how formed ? 
IlgO occurs either in a crystalline or amorphous state ; the for- 
mer being the so-called red precipitate or hydrargyri oxidum ru- 
bruin ; the latter the yellow oxide, also called hydrargyri oxidum 
tiavum ; they are chemically identical, the red oxide being ob- 
tained by calcination of the mercuric nitrate ; the latter by pre- 
cipitating the mercuric chloride with KOH or NaOH, or also 
with Ca(OH) 2 , when it forms the lotio flava. 

Which are the two chlorides of mercury? 

Mercurous chloride or mild chloride of mercury, also calomel, 
Hg 2 Cl.,, and mercuric chloride, or corrosive sublimate HgCl 2 . 

What are the properties of mercurous chloride? 

Calomel, as ordinarily met with, is a white amorphous powder, 
which sublimes without fusing, insoluble in water and alcohol; 
it is partly decomposed by the action of light into IlgCl.^ and Hg ; 
alkaline hydrates and carbonates decompose it into mercurous 
oxide ; with NH 4 OH it gives a black precipitate ; it is not poi- 
sonous when pure and exhibited in ordinary doses, and may be 
given even in large doses with impunity ; together with HC1 or 
gastric juice or nitro-hydrochloric acid it may be converted into 
HgCl 2 . 
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Give some of the reactions illustrating the incompatibilities tf 

calomel. 
Hg.,CL, = Hg + HgCl, ; Hg 5 Cl, 4- CI, = 2HaCL ; 
Hg,Cl, + 21 = HgCL, + Hglj ; Hg,Cl, + 2KI = 2KC1 + Hg-,1 
Hg,Cl, with the hydrates or carbonates of K or Ha react 
follows :— 

H gl CI, + Na,00, = Hg,0 + CO, + 2NaCl ; 
Hg,0 splits up into HgO + Hg. 

How can the varying effects of calomel be explained? 

By tin; dillcront reactions of thcMibstanocs it meets with in t 
course of digestion. 

What are the properties of mercuric chloride t 

Corrosive sublimate is a crystalline compound, occurring 
rectangular octahedra, crystallizing from writer in fine rhombic 
prisms ; soluble in 13 parts \v:itor at ordinary temperature, sp. 
gr. 5.4, fuses at 288° C, and boils al 31XPC. Alcohol dissolves 
about 30 per cent, of its weight, nud ether US per cent, at ordi- 
nary temperature. It gives a white precipitate with NII.OII ; 
with albumen it forms a while precipitate, soluble ii 
of albumen and alkaline chlorides ; it proves in lllia 
corrosive poison, and is used principally ns an antiseptic, which 
projicrty it exhibits even in solutions of 1 to 40,000. 

What is the precipitate of NH.OH with HgCl,? 

White precipitate or uninioniakd mercury, also mercur-am- 
uiotiium chloride, NHJIgCl, used in the uiigueulum hydrargyri 
ammonia li containing II) per cent, of the NII,IIgCl. 

Which are the two iodides of meicury? 

Mercurous iodide, also green or prnt.oiodide of mercury Hg,I.. 
a greenish -ye How amorphous powder insoluble in water 
alcohol, and mercuric iodide or biuiodide, also red iodide of 
mercury, Hgl., a bright red precipitate result ins: when a mercuric 
salt is treated, without excess, by potassium iodide ; it dissolves 
readily in a solution of KI forming iodohydrargyrate of potas- 
sium ; lids is used in the mixed treatment of syphilis, also as 
VMtiseptic and as a local irritant. 
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What is cyanide of mercury? 

ITydrargyri eyanidum I". S., TIg<CK).. acrystallinecompound, 
soluble in water and alcohol and very poisonous. 

Which are the sulphides of merctu-y? 

MereurouB sulphide Ilg.S formed by the action of ILS on 
curons compounds, and mercuric sulphide occurring in nature as 
cinnabar or vermilion HgS. It is also obtained by beating tbe 
black sulphide precipitated From mercuric salts by H,S. 

Describe the two sulphates of mercury. 

Mercurous sulphate Ila .SO,, a crystalline precipitate used in 
the manufacture of calomel, and mercuric sulphate HgfiO u ■ 
while crystalline mass used in the manufacture of corrosive sub- 
limate ; subsulphate of mercury or turpeth mineral, a yellow iu- 
soluble basic salt ; HgSO/JHgU, used as an emetic in group. 

Which are the principal nitrates of mercury ? 

Mercurous nitrate. IIg.,(NO,)„ a crystalline compound formed 
by the action of HXOj with II g in excess ; and mercuric nilrale, 
Hg(N0 3 )„ formed by the action of IISO, in excess H|ion Hg ; 
the solution of this latter is contained in the liquor hydrargyri 
nitratis or acid nitrate of mercury, and also in the unguentum 
hydrargyri nitratis or citrine ointment. 

Give the toxic doses, medical use, and poisonous properties <f 
HgCl., 
The minimum fatal dose is about 3 grains, but recovery has 
taken place even after Wl grains ; il may prove falal in from a half 
hour to two weeks. It is largely used as an antiseptic, alterative, 
and parasiticide, also locally to remove freckles, etc. ; in poisonous 
doses it acts as a corrosive, causing l'I'i;U pain in throat, bloody 
stools, slowing of pulse, tvmpani, bloody and mucous vomit, great 
thirst, suppression of urine, and collapse. 

What is the antidote for acute poisoning hy HgCl,? 

Eggs (1 egg can neutralize i grains*, flour paste, mixture of 
iron filings and gold dust by galvanic action. 



How can chronic u<wi laiag by Kg be prodmced, gad wh&t ire 
the symptoms of it ! 
By the vapors of Hg in Ivokiag-sias factories, by long cna- 
tiaued meditation with ■ktcott coupwunds : producing silivn- 
tion, tremor, debility, aiunnia and fetid breadth, reddened and 
inflamed gum? and ulceration thereof. 

Hot can the ptyalismof Hg be distinguished from that of other 
poisons T 
It gives rise to redness and inflamed gums which the others 
do not, and, besides, the Hv can be demonstrated in the saliva. 

What is the treatment for chronic mercurial ism ! 

Potassium iodide cautiously administered, also tonics, liberal 
diet. etc. 
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What are the different analytical reactions between mere 
and mercuric chlorides ! 
Mercurous gives a black precipitate with H,S, turns black 
with L"ai< >H), forming Hg,0, KOH turns it black, also NH.OH ; 
with KI greenish-yellow precipitate of IJg.,1,. Me re nric chloride 
gives with IIjS, slowly introduced, a whitish precipitate at first, 
turning dark and reddish-brown when heated; with CatUIIi. 
a yellow precipitate ; with KOH a yellow precipitate ; with XII, 
OH a white precipitate; with K[ a yellowish-red precipitate, 
soluble in excess of KI. 

Which are the parts to be tested in suspected Hg poisoning, and 
how are they to be treated ! 
The saliva and urine are to I* tested by Beinsch's test, the 
copper slips of which, on healing, deposit microscopical globules 
of Hgon reduction tube. Contents of slomneh and vomit should 
lie boiled with I1C), the result mixed will) alcohol and the evapo- 
rated residue to be treated with ether, the residue of which is 
then tested by Rcinsch's test, and the resulting globules of 
cury in the reduction tube heated with a small crystal of iodini 
when bright red Ilgl, will form. 
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Silver. 

What is silver and its properties 1 

A while brilliant metal, Ag, a. w. 10, sp. gr. 10.8. It is 
soft, mid ductile, fuses at 954° C, it dots not combine with-O 
directly but with the halogens; exposed to air containing IlSj 
it turns black ; it dissolves in UNO., and II/SO, to form salts; it 
forms alloys with many metals, notably topper, which is of grc 
hardness. 
How many oxides does silver form, and which is the principt 

It forms three oxides of which the monoxide Ag,0 I 
principal one. It is prepared by precipitating silver nitrate 
solutions with KOII or NaOII, as a dark brown amorphot 
powder soluble iu !N 11,011, with which it forms a highly ex- 
plosive compound— fulminating silver. 
What is silver chloride 1 

AgCI, a white curdy precipitate forming when a chloride o 
hydrochloric acid is added to a silver solution ; exposed to light 
it turns dark and is readily soluble in N1I.OH. 

What is the principal salt of silver in use in medicine-! 

Silver nitrate, Ag.NO,, crystallizing in colorless right rhombic 
plates, soluble in equal parts of water ; it turns black when c 
taminatcd with organic matter, fuses readily, and can bo cast ii 
moulds, the cylinders or sticks resulting arc termed lunar 
and are used as an application to ulcers and wounds. 
What is the precipitate resulting from the action of H V S o 
solutions of silver? 

Ag,,S, a black amorphous powder, insoluble in NII.OH. 

What is the poisonous action of AgffO, and antidote? 

When swallowed it acts principally as a corrosive poison : 
when compounds of silver arc taken internally for som 
blue indelible coloration of the skin is npt to take place, 
poisonous doses of AgSO, are taken sodium chloride and I 
eggs should be freely and promptly administered. 
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How are compound! of silver recognized ? 

II CI or soluble, ehlorides si ve wilh I heir solutions a wliitc curdy 
precipitate insoluble in UNO,, soluble in NH.OH ; KOH and 

NiiOTI give brownish precipitates insoluble in excess, soluble in 
NII,OH. Ammonium hydrate, brownish precipitate soluble in 
excess. Hydrogen sulphide or .XII.IIS gives black precipitates. 



Aluminium Group. 
Of which metals dees this group consist ? 



A! 



iiidiii 



,: .... 



What are the characteristics of the metals of this group ? 

They nre Univalents, form oxides which are weak liases, i 
their sulphates unite with those of the alkali metals to form 
double sails known as alums. 



Aluminium. 

What is aluminium ? 

A silver-white metal, Al, a. w. 27, very light, sp. gr. 2.58 
ductile; it does not tarnish in the air; is not acted c 
IINOj and by II, SO, only on boiling, but is readily soluble in 
HC1, and in KOH and NaOH giving oil H ; it is used largely ai 
an alloy with copper, termed aluminium bronze. 
Where and how does aluminium cccur in nature? 

Its compounds are widely distributed in nature, the oxide crys- 
tallizing as ruby, sapphire, corundum, and as emery. Most 
commonly il is found as silicate in day, feldspar, mud, and 
cryolite. 
What is the normal hydrate, and what the oxide of aluminium* 

The normal hydrate Al(OH), is the amorphous gelatinous pre- 
cipitate resulting when the solution of aa aluminium fall is 
precipitated with ammonium hydrate or carbonate. By calcin- 
ing this, aluminium oxide, alumina, A1,0„, is obtained ; tbi 
white amorphous, odorless, tasteless powder, only slightly acted 
OB by acids and alkalies. 
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What are alums? 

The double sulphates of aluminium aud an alkali metal +12 
Aq. 

What other compounds besides these are termed alums? 

The double sulphates of chromium, iron, or manganese, and 
an alkali metal -t-12Aq. 

Which is the alum of the Pharmacopoeia ? 

Potassium alum AlK(SO,),+12Aq, crystallizing from water 
in iarge transparent octaheilra. soluble in 8 parts of water, wilb 
acid reaction and sweetish styptic taste ; it loses its water u 
crystallization on calcining and is then called burnt alum. 

What alum was formerly in use, and officinal ? 
Ammonium alum AlNH,(SO,|,+ 12Aq. 

Name some of the other so-called alums and give their formulas. 
Potassium iron alum FcK(SO,),+12Aq. 
Ammonio chromium alum CrNH,(S0 1 ) J +12Aq. 
Sodium manganese alum MuNa(SO,),+12Aq. 

How may the compounds of aluminium be recognised ? 

White gelatinous precipitate with KOU or NaOII, soluble in 
excess ; Nil, also causes a similar precipitate but it is not solu- 
ble in excess of reagent ; alkaline carbonates precipitate the 
hydrate with escape of CO,. 



Iron Group. 

)f which metals does this group consist? 

Manganese, iron, cobnll, and nickel. 



Manganese. 

What are the three aeries of compounds formed by manganese, 
and what is its valences in them ? 
Mauganous compounds in which it is a divalent; 
compounds in which it is tetravalent ; manganic acid derivative 
iu which it is besavalent. 
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Which is the principal oxide of manganese? 

Manganese dioxide or peroxide, also termed black oxide of 
iiiiuigauuae MnO ; , found in crystalline ulaek masses; 
composed by hot HC1 liberating CI, and by FI,SO, liberating O, 
forming maugatious sulphate, a rose-colored crystalline salt 
MnSO ( . 

What is potassium permanganate ? 

A dark-red crystalline compound KMnO,, soluble in 12 parts 
of water, with a beautiful, de<-p-purpk' color, readily decomposed 
by organic matter, to which it gives oil' oxygen, thereby destroy- 
ing it, rendering it a powerful disinfectant. 

When manganese compounds are treated with ammonium sul- 
phydrate what results? 

A desh-colored precipitate of inai]g;iuuus sulphide MuS. 

Iron. 
What is iron ! 

Iron, ferruui, Fe, a. w. 56, is, when pure, a metal of a grayish- 
white color, sp. gr. 7.78; in moist air it is gradually covered 
with iron rust, ferric hydrate ; by heating in the air it is coated 
with ferrous -ferric oxide Fe 3 0, ; at red heat it decomposes water, 
liberating H ; it unites with the halogens and also sulphur, 
and dissolves in HCI and II ,SO ( to form ferrous compounds while 
liberating II ; it forms two classes of compounds, the ferrous and 
ferric ; in the former it is divalent and monatomie, and diatomic 
and tetravalent in the latter; while still a higher oxide corre- 
sponds to the manganic aeid derivatives and its hexavalent. 

What different varieties of iron are there? 

Three different varieties, owing to the amount of carbon con- 
tained in it. Thus cast-iron, containing 3 to 6 per cent. C, is 
very hard and brittle ; steel D.8 to 1.8 percent. C, and wrought- 
iron, which has only about 0.2 to 0.6 per cent. C, is quite ductile. 

What form of metallic iron is officinal, and how is it prepared ? 
The ferruui rcduetum, or iron by hydrogen, also Queveuue's 
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iron ; it is prepare J by passin" a current of hydrogen over 
oxide at red Ileal, when tlie V'e,0, is reduced to Fe. 
Fe 1 J +:tII, = 2Fo + :iI! O. 

What is ferrous and what ferric hydrate, and how formed? 
Fe(OH), is formed wheii a ferrous compound is treated with 

analkaline hydrate, FeSo,+ 2NH,OH==Fe(OH),-HNH,), SO,; 
it ia a whilish-gncti precipiiatr, rapidly changing to muddy- 
green and reddish-brown. Ferric hydrate Fe.jull),. result* when 
a ferric compound is treated with an alkaline hydrate, Fo. J Cl ( + 
6NH,OH = Fe,(OH) n + uNH,<Jl; a reddish-brown precipi 
which gradually changes to form oxy hydrate Ft.OfOH),. 

By what formulae can the monatanic and diatomic char a i 
of reBpectively ferrous hydrate and feiric hydrate 
illustrated 1 

on oh 
i J 
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HO-Fe — OH 


HO— Fe-Fo- 
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Give some of the synonyms of ferric hydrate, and its principal 

use in medicine. 

Fcrri oxidum hydra turn U. S., hydrated oxide of iron, also 

hyd rated sesquioxide of iron, principally used iis an antidote tiir 

poisoning by arsenic, also in the manufacture of dUvlysed iron. 

How is ferric hydrate prepared for use as an antidote ? 

Precipitate ferric chloride or ferric sulphate solution with 
NH.OH ; separate the nioint precipitate on n strainer, wash well 
with water until all ammonia odor lias disappeared, and then nd- 
niinisler iu tnblespoonfnls. As it changes to the inert oxyhy- 
drate on standing, il should always he prepared fresh as needed. 

By what process is this antidote for arsenic still better and more 
promptly made? 

By precipitating Ihe feiric chloride or sulphate solutions with 
magnesia: Fc,(SO ( ),+ 3MgO + 3II,0=3MgSO, + Fe s (OH),; this 
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needs no straining o 
prove rather ofadvai 

How may this be kept on hand for use in emergencies? 

The ferric solution and the magnesia in different bottles, i 

R. Llq. fern terra totalis, fgij; 

Aquie, fjvt. 
M. S. A. 
R. Magnesia;, gr. cl ; 



Keep A and B separate until needed, when they 
lised to be ready for use. 



'Ply 

an antidote for 



Illustrate the reaction by which Fe '.OH), acts a 
arsenic. 
•2(Fe,(OH) a )4- As A = Fe^AsO, + 511,0 + Fe(OTI), ; 
i. e., the feme hydrate changes the arsenic into the inert ferrous 
arsenate. 
What is dialyzed iron? 

~;mc hydrate dissolved in a solution of fi-mc chloride to satu- 
ration, and deprived of five add and crystalloids by dialysis. 
What is the value cf dialyzed iron medicinally and as an anti- 
dote for arsenic? 
is not now considered as of much value, if of any, therapeu- 
tically, but Is claimed as a guild antidote for arsenic. 

What is dialysis ' 

The process of separating crystalloids ;md colloids by osmosis 
through a colloid septum, such as animal membranes or parch- 

Define the meaning of diffusate, dialysate, crystalloids, and col- 
loids. 
A diffusate is the substance capable of passing through the 
dinlyzing membrane ; a dialysate that which in the same process 
does not pass through ; crystalloids are bodies capable of 
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Mag- 
con,- 



ing regular or crystal line form, and colloids such 
only irregular or globular form. 

Which are the principal oxides of iron* 

Ferrous oxide FeO ; Ferric oxide Fe,O a , the colgothar or 
caput mortuum, residue in the manufacture of Nordhausen sul- 
phuric acid from ferrous sulphate ; ferrous-ferric oxide or mag- 
netic oxide of iron FejO,. 
Describe the two chlorides of iron- 

Ferrous chloride Fed,, a green deliquescent crystalli 
pound, forming by the action of HCI on metallic iron ; ferric 
chloride, also termed sesquieldnrideor perch loride of iron Fe,CIj 
+ tiAq, remaining on evaporation of the solution in yellow crys- 
talline masses, soluble in water, alcohol, and ether. 

What is the officinal solution and tincture of ferric chloride? 

Liquor ferri chloridi U. S. is a solution containing 31.8 per 
cent. Fe,CI ; prepared by dissolving Fe in an excess of HCI, 
adding IINOj while boiling, when Fe,t'l a is formed ; 35 parts of 
this with 05 parts of alcohol make the tinetura ferri chloridi 
U. S. 

What is ferrous bromide, and what is its officinal preparation ? 
FeBr,, a yellowish-green crystalline com pound, entering the 
syrupus ferri bromidi U, S. which contains II) per cent, of it. 

What is ferrous iodide, and its officinal preparations? 

Felj, prepared by the action of iodine on iron in excess. It 
enters the syrupus ferri iodidi U.S. to the extent of 10 per cent. ; 
pilulie ferri iodidi containing 1 grain each of Fel„ with an ex- 
cess of reduced iron. 

What is ferrous sulphide, how prepared, and for what used 1 

A brownish-black mass, lerri sulphuretum IT. S. ; FeB is 
formed by fusing sulphur and iron filings in a red-hot crucible ; 
it is used to prepare hydrogen sulphide, q. v. 

Describe the ferri sulphas V. S. 

It is ferrous sulphate, also termed copperas, or green vitriol 
FeSo, + 7Aq ; a green crystalline salt, somewhat efflorescent ; 
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water of crystal li?.:i t ion on healing, and then forms a 
white powder, known as dried sulphate of iron, or ferri sulphas 
exsiecatus. 

Which are the principal ferric sulphates ? 

The normal sulphate Fc.,{SO,).« 28.7 per cent, in the liquor 

rri tersulphatis U. S., and the basic ferric sulphate Fe,O(S0,)-, 

43.7 per cent, of which is contained in the liquor ferri subsul- 

phatis U. S., Mousell's solution. Both of the officinal solutions 

iddish-brown. 

What is liquor ferri nitratis IT. S. T 

solution containing about (i per cent, of the ferric nitrate 
Fe.,(NO a ) 6 . 

What is ferrous phosphate, and what the ferri phosphaa TJ. S. ? 

Ferrous phosphate Fc/PO,), ivsutlmg when ferrous sulphate 

is precipitated with di-sodium phosphate ; it is a powder, white at 

first, but rapidly turning bine. The ferri phosphas U. 8. 

■ferri c-citro- phosphate, in thin bright green scales. 
Which carbonate of iron is used in medicine, and in what 
form? 
The ferrous carlmnate KeC< >, resulting from Hie deconipoaitio 
of ferrous sulphate with an alkaline carbonate ; it ia a whitish- 
precipitate turning brown owing lo the formation of ferric 
hydrate, which iB prevented by the addition of sugar. The 
officinal preparations are ferri carboiias saccliaratus, a grayish- 
green powder, massa ferri carhouati.s or Valett's mass, contain- 
ing about 42 per cent. FeCOj. 

What is Prussian blue? 

Ferric ferrocyanide ; ferri ferrocyanidum U. S., (FeJ^FcC, 
N ( ),+18Aq. a dark blue precipitate resulting from potass 
ferrocyauide and a ferric salt. 

How can the compounds of iron be recognized? 

Ferrous of white or greenish color ; alkaline hydrates, greenish- 
white precipitates; ammonium sulphydrate, black precipitate 
soluble in acids ; potassium ferrocyanide, greenish-white precipi- 
tate ; potassium ferrieyanidc, blue precipitate (Turnbull's blue). 
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Ferric .are of yellow or brown color ; alkaline hydrates, heavy 
brown precipitate ; ammonium sulphydrate, black precipitate 
(same as in faeces) ; potassium ferrocyanide, dark bine precipi- 
tate (Prussian blue) ; potassium sulphoycanide, dark red color; 
tannin, blue-black precipitate (the ferric salts are for this reason 
incompatible with vegetable astringents). 

Nickel. 

What is nickel ? 

A silvery- white metal Ni, a. w. 58.6, of great lustre and very 
tenacious, sp. gr. 9.1, it does not tarnish in the air ; it is used 
largely in alloys, and as a coating for steel and iron instruments to 
prevent them from rusting ; it takes on a high polish when so used. 

Which compound of nickel is used sometimes in medicine ? 

The nickelous bromide, NiBiyfSAq, which is often made 
into a syrup of beautiful dark green color. 

Chromium Group. 

Which is the member of this group of interest in medicine ? 

Chromium, Cr, a. w. 52.4, forming two series of compound 
chromous, and chromic, also chromic acid derivatives ; it forms 
a double sulphate with the alkali metals, termed chromium 
alum, q. v. 

What axe the principal oxides of chromium ? 

Chromic oxide Cr 2 Q„ a green amorphous powder, and chromium 
trioxide CrO :< , or chromic acid anhydride. 

What are the properties of chromic acid anhydride? 

Chromium trioxide, also termed erroneously chromic acid, 
crystallizes in long red rhombic needles or prisms, is very de- 
liquescent and soluble in water; it is a powerful oxidizing 
agent, destroying organic matter. 

Which is the potassium salt corresponding to chromic acid? 

Potassium chromate, also termed neutral or yellow potassium 
chromate K,Cr0 4 , used as an indicator in the determination of 
chlorides, q. v. 
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What is potassium dichromate ? 

Bichromate of potassium or acid potassium eliminate, also 
termed red potassium eliminate, K.Cr.O,, corresponding to n 
a i iu -isolated acid of the formula F^Or^O;, nun logons in its 
position to fuming sulphuric acid (11,8,0,), largely employ i 
in battery Uuid, q. v. 

What is the action of the chromates on the economy ? 

They are irritant and corrosive poisons : K/'rO, is sometimes 
used in the troiitmcnt of syphilis. The chromates act also as 
local irritants, producing in workmen engaged with tlicni 
chronic ulcers and Osama resembling those of arsenic; they 
often aggravate syphilitic sores. 

What is the treatment for, and Ihe ana'yticsl characters of the 
chromates 1 

Removal of cause, potassium iodide ; they give no precipitate 
Willi II„8 but a green precipitate with KH.HS ; with lead salts 
they produce yellow lead chroniate. 



■ed 



Uranium. 

Symb. U, a. w. 240. 

What are the principal salts of uranium used in medicine ? 

Uranium nil rate or nratiyl nit rale, I'U.jN (.»,).,. large uivcui-li- 
yellow prisms used sometimes in the treatment of diabetes u 
litns. Uranium acetate 1.1-0,(0,11.0.,). used for the titration of 
phosphoric acid. 



Tin Group. 

What is the most important metal of this group? 

Tin, slannum, Sn, a. w. 117.8, a silvery -white metal, sp. gr. 
7.3, of crystalline structure, soft and ductile, fusing at 228° C, 
and distilling at white heat. It does not oxidize on exposure, 
forms a number of useful and interesting alloys, and two series 
of compounds, stannous and stannic ; it is a dyad in the former 
and a tetrad in the latter. 
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Which are the oxides of Sn ? 

Stannous oxide, SuO, a brownish-black powder which burns, 
when heated in the air, to stannic oxide ; putty powder, SuO„ 
n white amorphous powder, insoluble mid infusible, liut yieldin 
staunates when fused with the hydrates of potoMJuai or sodium. 

What is stannons chloride? 

A crystalline compound, SnCl,ii4-Aq, resulting from thcactiot 
of HCI on metallic tin. It is used as mordant in dyeing, under 
the name of tin salt, and aa a reducing agent. 

What U stannic chloride ? 

A colorles* liquid, SnC'l,, fuming in the air, sp. gi 
ing at 114o C. 

What precipitates result respectively from stannous and stannic 
compounds with H S T 
Stannous give brown stannous sulphide, ISnS. Htann 
yellow stannic sulphide, SnS,. 

Is tin poisonous and how do its soluble compounds act? Anti 
dotes? 
Metallic tin i3 non-poisonous but its soluble compounds ai 
irritant poisons. Antidotes: ammonium carbonate, milk, a! 



How may stannous and stannic compounds be recognized 
Stannous give brown precipitate with H„S ; with me: 
chloride gray precipitate of Hg ; with gold chloride a purple 
precipitate. Stannic give yellow precipitate with H,S 
KOH or XaOII white precipitate soluble in excess, also with 
n hydrate or carbonate, slightly soluble in excess. 



Bismuth Group. 

What is the principal member of this group, and what group 
should it really belong to? 
Bismuth. It should be classed with the nitrogen group, hut 
it docs not form a hydrogen compound like the other members. 



3 
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What is bismuth ? 

A reddish- white metal, Bi, a. w. 207, sp. gr. 9.9, crystalline, 
fusing at 267° C, and distilling at white heat. Like members 
of the nitrogen group it forms two oxides lii.O, and Bi.,0:,, and is 
therefore triad and pentad : it is readily acted on by HNO„ and 
its soluble salts are converted by water into insoluble basic salts. 

Which ate its principal halogen compounds ? 

Bismuth chloride, 11KI... forming with water a white crystalline 
precipitate of bismuth oxy chloride, BiOCl ; bismuth bromide, 
BiBrj and Bil a are analogous compounds ; bismuth subiodide, 
BiOI, is a red amorphous powder used as a surgical dressing. 
What results if soluble compounds or salts of Bi are diluted 
with water ? 

Oxy compounds or oxvsalts result containing the group (BiO) 1 
which is by some regarded as a radical and termed hismuthyl. 

Which is the principal oxide of bismuth? 

The trioxide, Bi,0„ formed by the oxidation of metallic bis- 
muth by burning it in air. 

What results if an oxysalt of bismuth is treated with KOH or 
NaOH? 

A metahydrate, BiO(OH), is formed. 

What changes does BiO OH' undergo on boiling? 

It changes to bismuth trioxide, BLO,. 

2BiO(OH)=BiA+II,0. 
Which test depends on this? 

The alkaline bismuth or Bocttger's test for glucose ; it de- 
pends on forming first a bismuth metahydrate, BiONO^+KOII 
=BiO(OH)+KNO„ the BiO(OH) becoming Bi A in turn, which 
is deoxidized by glucose and metallic bismuth results. 

How is Boettger's test for glucose performed? 

Put in a test tube e<|tial volumes of suspected urine and KOH 
with a pinch of bismuth subnitratc ; on boiling, if glucose 
present, the white powder turns gray, brown, or black from r 
duction to metallic bismuth. 
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Which a:t the fallacies of this test, and how detected? 

Ali'iiniiii ninl sulphur compounds itt the urine may caui 
black precipitate of bismuth sulphide, lii.S,. To detect them iv 
the test, using a lii.tl(; Miliary instead of the bismuth Bait ;if thi 
blackens, the test is not, available. 

Which are the two bismuth nitrates ? 

Bismuth nitrate, Bi(N0 3 )„ a crystalline salt formed by Hie 
action of HN0 3 on bimniith. Bismuth sn bit it rate, BiONO,, 
usually of varying anil indefinite i.o[n|io*ition, la a white pow- 
der consisting of microscopical crystals formed by precipitating 
Bi(NO,) a with water. 

What is bismuth generally contaminated with? 
Willi arsenic in greater or lew proportion. 

What is bismuth subcaibonas IT. S.I 

A white precipitate, (l!iU),l_'0,, forming when a Si 
bismuth is precipitated by au alkaline carbonate. 

How may bismuth compounds and salts be recogni 

SolutimiB give a white precipitate wilb alkaline hydrates in- 
soluble in excess, turning yellow on boiling i 1I..S. and Nil, IIS 
give black precipitates of Bi,K :l ; largely diluted with water 
so hit Lous give rise to precipitates of basic sails soluble in IINOj. 



Platinum Group. 



Which are the most notable members cf this group ? 
Hold and platinum. 



Gold. 



: 

is 
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What is gold ? 

Gold, annim, Au, a. w. 196, is a sua yellow metal, sp. gr. 
111.32, very ductile, melts at 1035° C. to a greenish liquid ; is 
not acted on by oxygen directly nor by the acids, excepting 
nitre-hydrochloric acid ; it forms various alloys harder than the 
pure metal. 
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What are the chlorides of gold? 

The aurous chloride, AuCl ; and the auric chloride, AuCl s , 
resulting on solution of gold in aqua regia. The auric chloride 
forms double salts with the alkaline chlorides, such as AuCL, 
KC1, AuCl a NaCl, AuCl 3 NH 4 Cl ; some of these are used medici- 
nally ; AuCl, is used as a precipitant for alkaloids and ptomaines. 

Platinum. 

What is platinum? 

A metal, Pt, a. w. 194, of grayish-white color, sp. gr. 21.4, 
very tough, malleable, and ductile. It melts only at intense 
heat, and is insoluble in all acids excepting aqua regia ; it forms 
platinous and platinic derivatives. 

Which is the principal compound of platinum? 

Platinic chloride, PtCl 4 , obtained by dissolving platinum in 
aqua regia ; it is reddish-brown and very deliquescent, forms 
double chlorides with KC1 and NH 4 C1, which are crystalline and 
very insoluble in water ; on this account PtCl 4 is used as a re- 
agent to detect potassium and ammonium compounds, and also 
as a precipitant for alkaloids and ptomaines. 



10 
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Hydrocarbons and Derivatives. 

Why was the chemistry of the carbon compounds formerly con- 
sidered separately as organic chemistiy ? 

Because it was thought that organic force played a material 
pint in tlieir development, and that the living organism alone 
was capable of producing litem. 

Is this so, and is organic chemistry based upen different prin- 
ciples from that of the so-called inorganic bodies? 

No, for many organic products have been synthetically built 
up, and the chemical laws implying to other elements also apply 
to carbon. 

Which compounds of carbon are the most numerous? 

The compounds of carbon with hydrogen, termed hydrocar- 
bons, and their derivatives. 

What two classes may these be divided into? 

Into the fatty and aromatic, according to the characters of 
their derivatives. 

How else may they be subdivided? 

Into saturated or paraffins, and into unsaturated hydro- 

What are saturated hydrocarbons? 

Hydrocarbons in which the affinities of the telmvaleut o 
are singly satisfied, and which cannot form compounds i 
by substitution. 

What are unsaturated hydrocarbons ? 

Those resulting when saturated hydrocarbons lose si 
their hydrogens and I be affinities of these go to the carbon a 
of each other. They can form direct addition compounds *» 
other atoms or radicals. 

How are hydrocarbons grouped? 

Into homologous series, i. e.. groups in which each i 
increases over the other by CH, ; if grouped so that they lucre 
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are homologous series characterized ? 
By algebraic formulas giving the relative proportion of tlic 
number of carbon atoms to those of hydrogen combined with 
them as follows: CnHan+s in which n expresses the number of 
atoms of each ; thus if 2 were to stand for n , CnHan+2 would 
be CsIIsx "+2=0,11,,. 

What is the simplest saturated hydrocarbon, and its graphical 
formula 1 

H 

Methane CH,=H— C— H 



What is the carbon skeleton ? 
The graphical formula representing saturated hydrocarbons : 



H— C-H ; 



II H 
H— C-C— H : 


II H H 
H-C-C-C- 


H H H 
C,H B . 



OH, 

How may saturated hydrocarbons also be regarded ? 

hydrides of radicals, the latter having one free affhity with 
which they can combine with univalent atoms or radicals ; thus 
CH t s=CH;,II ; the radicals ending in"yl,"as per example, 
methyl CII 3 . 
Which are the first six members of the methane series? 

CuHita+2 CHin+l 

Cn, Methane radical Methyl CHj— 



C,H, Ethane 

C a II e Propane or tritane 

C 4 H ]0 Butane or tetrane 

C*H„ Pentane 

CJI,. Hcxntie 



Ethyl 0.H,— 
Propyl C a II,— 
Butyl C<H,- 
Amyl CjH,,— 
HexylC.H,,- 



What is methane 1 

Marsh-gas, light, carburetted hydrogen or firedamp, is a light 
colorless, tasteless gas, sp. gr. 'J.ri.j'.t.does nut support combustion, 
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but burns with a blue flame ; mixed with air and Ignited it ex- 
plodes; It generates from decaying organic- matter in swamps, 
also in minus and from eoal and pcd-olcum deposits ■ in mines it 
forms tliu firedamp ; it is the principal iugnjdiijnl in natural 
it is also present in cost I gas i pun; methane may be prepared 
induing NaOIl and sodium acetate. 



■ 



NaC,H a O,+KaOII=Na,CO a +Cn,. 



lamp 



How is fire-damp detected in mines? 

By the use of a Davy's safety lamp, which consists of a lamj 
perfectly closed with wire, gauze ; when the gas burns inside with 
blue flume fire-damp is present. 
On what principle do they work ? 

The gauze cools off tin; Name, mill by reducing its beat prevents 
its reaching tin; kindling point of the fire-damp. 

What is ethane? 

C,II„ the second member of (he methane group ; a colorless, 
odorless gas, which may lie also considered as an ethyl hydride 

CJL-II, or dimethyl | 

How may ethane be prepared ? 

By the action or sodium on monotblorm ethane. 
2CH a CI + 2Na = C,II, + 2N&C1. 

In what substance are many of the higher members of the 
methane series contained ? 

In petroleum, which is itself a complex body, composed of 
many other by di-m-ni- lions of dillcrciil boiling points and density. 
Which are some of the well-known bodies isolated from petro- 
leum? 

Rhigoicne, gasolin, benzin (petroleum ether), coal oil, lubri- 
cating oils, petroleum, and paraffin. 
What is petrolatum ? 

Mixtures of paraffin and heavier petroleum oils, purified and 
of proper density ; they {ire known variously as vaseline, casino 
line, etc., used largely as ointment bases. 
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What is paraffin 1 

A white solid hydrocarbon, used in flic manufacture of candles, 
also for coating labels and stoppers to prevent them from the 
action of corrosive fluids. 



Substitution compounds of hydrocarbons, what are they? 

Compounds formed by replacing one or more of the hydrogens 
of a saturated hydrocarbon by elements or radicals. 
Show the chlorine substitution in methane. 

CH t +Cl,=HCl+CH a Cl, moiiochlormethane. 

CII,Cl + Ci ( =HCl+CH,Cl„ dichlormethane. 

CH ; C1,+C1.,=HC1+CHC1„ trichlormethane. 

CHCl s +CL,=lTCl-f CC1„ letrachlormothanc or tetraehlorcar- 

What are the substitution products of the halogens called? 
Halogen substitution products, or haloid ethers. 

What are the products of substitution in methanes also called? 

Methyl compounds, as they may be viewed as compounds of 
the radical methyl with the substituting body. 

What is brotnmethane or methyl bromide? 

A clear mobile liquid, CH a Br, made by the action of Br on 
methane, or better by HBr on methylic alcohol, CII s OII ; it has 
anaesthetic properties. 

Iodomethane, what is it ? 

Methyl iodide, 011,1, made similar to CII 3 Br, but with iodine 
instead of Br. 

What is dichlormethane? 

Methyl dichloride, CH.,C1 3 ; ! 
chloroform, also nmesthetic. 

Trichlormethane, what is it? 
Chloroform OHCI, ; a, heavy mobile liquid. 

What are all the chlorine substitution products of methane, and 
why of interest in medicine ? 

Because they are all anaesthetics. 



colorless heavy liquid, resembling 
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Describe the physical properties of chloroform. 

It is a heavy mobile fluid, of pleasant odor, non-inflammable, 
sp. gr. 1.4SI7, ami of a burning taste. 

Name the two varieties of chloroform in the market, which 

alone should he used for anesthesia, and state the test 

for tie latter. 

Chloroform uni venal; 1 and chloroform inn purificatum; the latter 

only should be used fur aiiastliesin i shaken with equal volumes 

of H,SO„ it should color it only slightly yellow. 

How and when only should chloroform he administered as an 
anaesthetic 1 
With access of atmospheric air ami due care, and after ascer- 
taining absence of heart lesions. 

What should be done if heart failure from chloroform ensnes in 
anesthesia ? 
Ammonia or whiskey, or both, should be injected ; nitrate of 
amyl for inhalation ; galvanism to cardiac region, and artificial 
respiration. 

How does chloroform act locally and how internally in toxic 
doses; antidotes? 
Locally, chloroform acts as a rubefacient, vesicant if confined, 
and slightly anesthetic ; internally, it sets up inflammation of 
the stomach ; treated by oils, emetics, and stomach pump. 

What is the tri-iodomethane, and how made? 

Iodoform, CIIL,, formed by the action of KOH or NaOII in 
water on alcohol with iodine ; il is u.-ed as a lest for the presence 
of alcohol and will show 30 ' „ part of it. 

State the physical and medicinal properties of iodoform. 

It is a crystalline solid of yellow color and saffron-like odor; 
it contains 9G.7 per cent, of iodine, possesses amesthetic powers, 
especially locally on the anal sphincter ; it is poisonous in over 
doses. 
What is tri-brommethane ? 

Eromoform, CIIBr.,, a colorless liquid, resembling chlorol 



g chloroform. 
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What is elilorethane ? 

Ethyl chloride, 0,11^0, an ethane in which*: 
by CI. 

What is bromethane ? 

Ethyl bromide, C,II.,I5r, an ethane in which one H is substi- 
tuted by Br ; it is a colorless heavy liquid of ethereal odor, an 
anesthetic of great value, but not less dangerous than chloro- 
form. 
What is iodoet.hu ne? 

Ethyl iodide, CJI-I, a heavy liquid of ethereal odor, has anes- 
thetic properties, used for inhalation, and apt to grow darker en 
keeping by the liberation of iodine. 

What is dichlorethane ? 
Di eh lore thane 



with ethylene chloride, - 
CH.C1 
; ethylene chloride I ; 

CH ( C1 
CHCL. 

CH 5 . 



d ich lore thai 



Name the principal oxygen derivatives of the hydrocarbons. 
Alcohols, ethers, aldehydes, and acids. 

Alcohols. 

What is an alcohol, and what different forms of alcohol are 
there? 
Alcohols are hydrates of hydrocarbon radicals ; according to 
the saturating power of the radicals there are niouotoinic, dia- 
tomic, and triatomic alcohols. 

What is methylic alcohol? 

Methyl hydrate, C1IOII ; wood spirits, pyrnxylic sniritorwood 

iphtha, derived by dry distillation of wood ; if mixed with 90 

percent, of ethylic alcohol it is known as methylated spirits, such 

as used in the arts, and is so contaminated in order to prevent 

for drinking purposes. 
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What are the properties of methylie alcohol ? 

It is a clear, colorless liquid if pare, boils at 66.7 
and intoxicates, is poisonous when concentrated, and a solvcn 
for fats, oils, resins, and is nsed for mating varnishes, also I 
preserve specimens. 

What is ethylic alcohol, and how obtained 1 

Ethyl hydrate, C T H,OH. spirit of wine, ordinary alcohol, 6 
tained by distillation of fermented glucose or substances 
tniuing it. 

How does glucose split up by fermentation T 
It splits up into alcohol, C'Jl.OH. and carbon dioxide. 
C,H„0, = 90J&&H + 2CO r 

Fermentation, what is it ? 
Chemical action induced by ferments. 

How may ferments be subdivided! 

Into organized and soluble ferments. 
What are organised ferments ? 

Minute bodies of organized existence capable of growth 
reproduction; thereon be separated by filtration. 

Which organised ferment induces alcoholic fermentation' 

-called brewers* yeast, termed tonila 
mycei cererishe. 

Which are the unorganized or soluble ferments of the body! 

Ferment bodies incapable of growth and nprodtx 
readily passing through niters ; tbey are I 
and pancreatic digestive ferments. 

Explain the action of the salivary ferment. 
Ptyalin, the ferment contained in saliva, 
glucose. 



What is the action of the gastric 
l'\-;i-i'.>. hsa BMltss saratcsst, e 
iMcsm, t> nmiu, imioi, etc 
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How does the pancreatic ferment act on the fats? 

Pancreatic splits up the neutral fate into fatty acids and 
glycerin. 

C,iH IM 0, + 311,0 = 3C 1B H J6 0, + C^H»dJ 

Saet (Bleiria.) BWirlc .cid. Glycerin. 

What is the first step in the process for the production of al- 
cohol? 
The conversion of starch by malt diastase (analogous to ptyalin) 

How can the complete conversion of starch into dextrin and 
glucose be proven ? 
When the wort, on addition of iodine, no longer gives rise to 
a blue color. 

What is extract of malt, and what is its medicinal valne ? 

An extract produced by condensing wort made from malt. 
Its value depends on tin 1 amount of glucose and dextrin it con- 
tains aB nutrients, and on the presence of diastase as a ferment 
to aid in the digestion of carbohydrates. 

Describe the second stage of the process for the manufacture 
of alcohol. 

This consists of the fermentation of the wort by means of 
brewers' yeast. 

Are other products besides alcohol and CO, results of fermenta- 
tion of wortt 

Yes ; various others are caused by the presence and action of 
foreign ferments in the air; the vinegar ferment (mycoderma 
aeeti) may also induce acetous li'rmenlation of the alcohol, i. e., 
produce vinegar (acetic acid) C_H,O+0,~C 1 H,O,+HjCt 

What fermentation would putrid cheese induce ? 

It would induce hetii' ft'imetihifkm, splitling up_ the glucose 
into lactic acid, of which it is a polymeric isomer. 

c„ii„o, = 2c a n.o, 
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Is cane sugar subject to the same fermentative changes i 
glucose! 

No, it has to be changed intrj glucose first. 

What is butyric fermentation! 

Tin; splitting up of lactic add under the influence of butyi 
ferment into butryie acid, carbon dioxide, and hydro 
20,11,0, = C,IT„0, + 2C0, + II, 

Describe tbe properties of alcohol. 

It is a light, colorless liquid of characteristic odor and t 
burning taste, miscible in all proportions with water, the mix- 
ing being accompanied by elevation of temperature and contrac- 
tion of volume. Tbe alcohol of the U. S. P. has a up. gr. 0.820, 
containing U4 per cent, of absolute alcohol by volui 
What does alcohol usually contain when first dis'illed, andh 
deprived of it! 

ttcontninsninylic alcohol (fusel oil), succinic acid, and glycerin, 
the former of which is removed by the absorptive power of char- 
coal. 

By what test, and how can the presence of alcohol be estab- 
lished! 

Ilv A ostie'a test, which consists of adding tn the lirpiid to he 
tested a little potassium dichromate, K,Cr,0 ; , and some sulphuric 
acid; on warming a beautiful emerald-green color will be de- 
veloped if alcohol is present. 

On what chemical changes does this test depend ! 

On tbe format ion i>1' dn'umic acid iio-t, which, by the oxidation 
of the alcohol, is reduced to tbe cm era Id -green chromium oxide 

To what is the deleterious effect of young and poor whiskey 
doe! 

To tbe presence of fusel oil, amylic alcohol, C t H n OH, also 
called potato spirit, which in small quantities has a pleasant odor, 
but !i sutlocaliug one when strong. It rapidly produces intoxi- 
cation, gastric disturbance, and headache. 
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Which are the principal alcoholic beverages, and what amount 
of alcohol do they contain ? 
Weiss beat 1 per cent., lager beet 2j to 3j per cent, ale and 
porter about li per cent ; sweet wines contain u oil ecom posed 
sugar ; dry wiues have all their sugar converted into alcohol ; 
sparkling wines arc fermented so as to retain the CO., in solution. 
Vinum album and vinum rubrum contain 10-12 per cent. ; 
vinuin rubrum forlior contains about 20 per cent., eider about (i 
per cent. ; brandy, whiskey, gin, and rum about 40-50 per cent. 

Of what medicinal use are alcoholics ? 

They are dill'usiblc stimulants, especially for the cardiac 
action. 

HoW does alcohol act as a poison? 

In acute poisoning the nerve action is paralyzed until the pro- 
gressive influence roaches the medulla, when coma ensues; in 
chronic poisoning it causes thickening of the connective tissue, 
and thus catarrhal conditions of the mucous membranes and 
atrophy of the glands and organs, liver, kidney*, brittle condition 
of the bloodvessels, tremor and dulucss, ending in paraplegia. 

What is the treatment for alcoholic coma? 

Stomach pump, i'uradism over the diaphragm, flagellation 
with wet cloths, cold affusion, and artificial respiration. 

Ethecs. 
What are ethers ? 

Oxides of alcoholic radicals bearing the name relation to alco- 
hols as oxidea of bases to their hydrates, CH,OH like KOII, 
[CII a ),0 like K,0. 

Qive reaction if methylic or ethylic alcohols are treated with 
potassium. 

The 11 of the OH of the alcohols is replaced, and the oxide of 
methyl or ethyl and potassium results. 

CII :J OII-|-K=CH J OK+lI ; 0,11,011 +K=C,1 1 5 OK-t-H. 



158 ESSENTIALS OF MEDICAL CHEMISTRY. 

If, in this resulting oxide, the K is displaced by methyl or ethyl 
iodide, what forms? 
The methyl or ethyl takes the place of the K, and ether is 
formed. 

C,H i OK-|-C,H 1 I=C,H i — O— C.Hs+KI. 

What is then the chemical constitution of ether? 
Two univalent alcoholic radicals united bya bivalent oxygi 



How do the alcoholic radicals behave chemically ? 

Like the metals, 

How is ether produced on a large scale? 
In two reactions. 

1. Ethyl alcohol ia acted on by H,SO„ the alcoholic radios 
takes the place of one II of H,SO„ forming ethyl -sulphuric acid 
C,II t OH + H,SO, = C,H s HSO,+ H.O = E thy 1-Bulph uric acid= 
C '%>SO ( . 

2. The ethyl-sulphuric acid (sulphovitiic acid) with anotht 
molecule of alcohol forms the oxide of two ethyl radicals and s' 
phuric acid ib set free again. 

C^ s HSO,+C,H B OH=C,H 1 -0-C ] H s +H : S0 1 . 

Does ethyl-sulphuric acid act by catalysis, and what i 
lysis? 

It does not act by catalysis. Catalysis means the action 1 
the presence of a body, and is really chemically an uudefim 
term. 

Is the term sulphuric ether for ether a correct one? 
No ; because it contains neither sulphuric acid nor sulphur. 

What are the properties of ether ? 

It is a colorless, limpid, mobile liquid, of sharp burning h 
:ind a characteristic ethereal odor, sp. gr. 0.723, boils at 3 
C, slightly soluble in water ; it is highly inflammable, and v 
mixed with air it is explosive. 
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In regard to their use as anesthetics, what ia t 
with ether and chloroform respectively ? 

Ether can be administered without access ol'air, but chloroform 
should always he administered with access of air ; ether is in- 
flammable, both in substance and its vapors as well. Chloroform 
is not inflammable. 

What are mixed ethers ? 

Ethers that have two dilfi'ivnl alcoholic radicals ; e.g., me thy 1- 
ethyl ether. 

CH S — O-C„H a =P^>0. 

What are compound ethers 1 

Compound ethers, sometimes termed esters, arc compounds 
containing one univalent alcoholic radical united by oxygen lo 
a monobasic acid radical. 
What do these compounds correspond to? 

To the salts of inorganic hollies, the alcoholic radical repre- 
senting the electropositive, the acid radical the electronegative, 
both united by oxygen. 

Give the reaction for the formation of acetic ether or ester. 
C^I,OH+C. J II J 0.OH=^^ o >O=C 1 H < O,C i H s . 

Alcohol. Acollc acid. Acetic ed.er-e.hj! iceuts. 

In making acetic ether or compound ethers of weaker acids 
what has to be done ' 
A little sulphuric acid has to be added to make first ethyt- 
sulphuric acid; this in turn is converted into 1L,SU„ the acid 
radical taking its place. 

Oft, 
C,II,HSO,+C,ILO.OH = )0+II,SO,. 

What is nitrons ether, and how formed? 
By the action of nitrous acid on alcohol. 

CJI,Oir-|-IINO--C J II,N0 1 = >o. 

N ili-mii i-lli,T. 
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Into which Pharaaeopaial preparation does this enter ? 

Into the spiritus setheris nitrosi, which should contain 5 per 
cent, nitrous ether and 95 per cent, alcohol. 

What compound amylic ether is largely employed in medicine ? 

The amyl nitrite C & H. ,NO, = ;0 formed by the action 

NO' 

of nitrous acid on amylic alcohdl. 

C 6 H n OH+HNO,=C 5 H H — 0-NO+H 2 0. 

Describe the properties of amyl nitrite and its use in medicine. 

It is a yellow liquid, sp. gr. 0.S77, boils at 95° C, insoluble in 
water, -soluble in alcohol ; when diluted it has a pleasant, but con- 
centrated suffocating odor, flushing the face by paralyzing the 
peripheral capillaries and thereby relieving cardiac tension ; it 
is used in angina pectoris, also in asthma, 5-6 drops being in- 
haled. 

Where are the compound ethers profusely found in nature? 

As flavors in fruits and essential oils. 

Can these flavors or oils be produced artificially? 

They can be produced artificially to resemble the natural 
flavors very closely. If judiciously employed they are not neces- 
sarily injurious. 

Which essential oil can be artificially produced? 

The oil of wintergreen, which is principally methyl salicylate, 

CH 3 

^)0, and can scarcely be distinguished from the artificial 
C 7 H 5 2 

product. 

What are fats considered chemically? 

Fats are, in their chemical construction, ethereal salts or com- 
pound ethers and are acted on by alkaline hydrates like these. 
The process in the case of fats is termed saponification, and the 
product soap. 
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Aldehydes. 

What is an aldehyde? 

De hydrogen ate rt alcohol in which 0" takes the place of HO 
and an additional H. 

C^OH-t-O =C,H,0+H J 
.CH„ 
C,H,0=CO^ 
Ml 
What is methyl aldehyde t 

O 

Formic aldehyde, CH a O=H— C— H, so railed because it is 
formic acid UIIjO, minus O, and can be converted into tins hy 
oxidation. 
What is ethyl aldehyde, and what else is it called? 

C a H,0 ; it is also called acetic aldehyde or acetaldchyde, be- 
cause it is acetic acid miuus O, 01I 3 . 00,11 minus 0=011,0011, 
and because it can be converted into acetic acid by oxidation. 

What group or radical is present in all aldehydes? 
The radical (OOH)'. 

What is paraldehyde ? 

OjHuO^, a poly mere of C,H,0 with a vapor density three times 
that of aldehyde ; it is a colorless liquid, sp. gr. O.St"4, boiling at 
124° C, of ethereal odor, and has a sharp, burning taste. 

For what purpose is paraldehyde used in medicine? 

It is a valuable I'lvpnotic, similar In 'diloral hydrate, but said 
not to have the cardiac depressing idled, of the latter. 

Chloral, what is it? 
A trichloraldehyelc, 001,0011, from which its name is derived. 

How is chloral prepared ? 

By the action, lor some time, of chlorine on alcohol, consider- 
able heat being developed, and the alcohol has to be maintained 
at a low temperature. 
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Describe the reaction by which it is formed. 

It may be considered to take place in two stages, aldehyde 
being formed in one and chlorine substitution taking place in 
another as follows : — 

1. Ethylicalcohol=CH,CH,OH-f2Cl==CH,COH-h2HCl. 

£ thy lie alcohol. Bthylaldehyde. 

2. CH 3 .C0H+6C1=CC1 3 C0H+3HC1. 

Ethylaldehyde. Chloral. 

What is chloral hydrate? 
Chloral with water forms chloralhydrate 

CCl s .COH+H 2 0=CCl3CH. (OH),. 

Chloral. Chloralhydrate. 

A white crystalline solid, fusing at 57° C, boiling at 98° C, 
volatile, soluble in water, of ethereal odor, and a sharp, burning 
taste. 

How does chloral behave with the alkaline hydrates? 

It forms alkaline form i tat es and chloroform. 

CCl s .COH+KOH=CHCl s +KCO.OH. 

Does chloral decompose in the body like this ? 

No, as it is eliminated undecomposed ; and besides its action 
is different from that of chloroform. 

How does chloral act as a poison ? 
By its cardiac depressing action it produces heart failure. 

What is the effect of chronic chloral poisoning in the chloral 
habit? 
It deteriorates the blood, produces extravasations in spots, and 
scorbutic symptoms. 

Describe the treatment for acute chloral poisoning— chloral 
coma. 

Cardiac stimulants, application of hot cloths or mustard to the 
prsecordium, keeping the body warm. Physiological antidote : 
strychnine. 



Monobasic Acids, 

What is the general formula of these acids, and tinder what 
name are they known ? 
Their general formula isC'nllii.Oa : tlu*y an. 1 known as the vola- 
tile fatty acids. 

Which are the principal members of this group, and their 
formulas 1 

Formic acid CHO.OH. 
Acetic acid CHO.OH. 
Proprionic acid 0,11.0.011. 
Butyric acid C,H ; O.OH. 
Valerianic add CJ1.0.OH, 
Caproic acidQHnO.OH. 



Palmitic acid C IB H 3l O.OH. 
Stearic acid C, 6 H 35 O.OH, etc. 

What are these acids chemically ? 

Products of complete oxidation of the alcoholic radical CH„ 
characterized by the group CO.OH. 

Which is the acid corresponding to methyl ? 

Formic acid, CH,0,=C1I0.0H ; the acid of ants, also found 
in the fibres of nettles, pines, ete. ; it is present in the body as 
an intermediate compound in tlit spleen and blood of persons 
suffering from leukaemia. 

What is the acid corresponding to the radical ethyl? 

Acetic acid CH s .CO.OH=C ; H,0„ the acid produced by the 
action of mycodernia accti oxidizin;: il hylic alcohol. 

C,II ! ,0H+O,=C,II,O 1 +H ; ,0 ; 
also derived in the destructive distillation of wood, 

What is the acidum aceticnm U, 8. P. ? 

A pure acetic acid, sp, gr, 1.047, containing 36 per cent. 
C,H ( O r 
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Which is the purest form of acetic acid? 

Glacial acetic acid, a crystalline solid of characteristic and 
penetrating odor, and of caustic action. 

Vinegar, what is it ? 

An impure dilute acetic acid, derived by the acetous fermen- 
tation of alcoholic liquids, such as wines, cider, etc. 

Which is the principal contamination of vinegar of the market, 
and how detected? 

Sulphuric acid, detected by adding cane sugar and evaporating, 
when the latter will turn black if H 2 S0 4 is present. 

What is butyric acid ? 

C 4 H 7 O.OH, occurs in the secretions, in rancid butter and in 
cheese, giving them their rank odor. As a compound ether, 
gly eery 1-buty rate C 3 H 5 (O.C 4 H 7 0) 3 , it gives a pleasant odor and 
taste to butter, and as amyl-butyrate the odor of pineapple. 

When is buytric acid present in the stomach? 

It is present in the stomach and intestines pathologically in 
indigestion, owing to the putrid decomposition of carbo- 
hydrates. 

What is valerianic acid, where found, and in what combina- 
tions ? 
C 5 H„O.OH, found as compound ether in the valerian root, 
and as ammonium valerianate in the secretions, especially of 
small-pox, typhus fever, yellow fever, giving these diseases 
their characteristic odors ; it is also present in the faecal excre- 
tions. 

What is caproic acid ? 

C 6 H n O.OH, is present in butter, in the faeces, and perspira- 
tion. 

What is palmitic acid ? 

C 16 H 31 O.OH, occurs in glyceride or glyceryl salt, in palm oil, 
and olive oil, and nearly all animal and vegetable fats. It is a 
white crystalline, odorless, and tasteless solid, insoluble in water, 
but soluble in alcohol and ether. 
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What is stearic acid 1 

C^H^O.OH. The most abundant of nil fatty acids, present 
as a glyc.eride in all solid fats ami oils. It is a colorless, odor- 
less, and tasteless solid, insoluble in water but soluble iu alcohol 
and ether; il is used in the manufacture of caudles. 

To what series of acids does oleic acid belong ! 

To the acrylic series of the genera! formula &H*. — ,0,. 

What is oleic acid? 

C lf ,H u O.OH, occurring as a glveeride. triolein, in nearly all 
fats. It is a colorless or slightly yellowish liquid, odorless when 
pure, and docs not redden litmus. Il oxidizes rapidly on ex- 
posure to air. 'With nitric acid it changes to a crystalline 
isomer elaidie acid. 

What are the medicinal oleotf s ' 

Compounds of oleic acid with various bases or metals used for 
dermic medication ; those in use are the oleates of mercury, zinc, 
lead, copper, and of the alkaloids. 

What are mono- di- and triatomic alcohols? 

Monalomic alcohols are those in which the radical is united 
Wllh one OH, diatomic with two Oil, and trialomic will) three 
OH. The monatomic resemble KOH, the diatomic Ca(OH)., 
the triatomic Fe,(OH) 6 (1 and 3). 

Which is the most important triatomic alcohol, and what is it? 

Glycerin C^II^OH]., ; it is the triatomic alcohol of the radical 
glyceryl C,H 4 — . 

Describe the physical properties cf glycerin. 

It is a colorless, odorless, syrupy liquid of sweetish taste, sp. 
gr. 1.25, at 16.5° C., soluble in water and alcohol, insoluble iu 
ether; it is a good solvent for many bodies, is antiseptic, 
withdrawing water from other bodies. 

What results on treating glycerin with nitric acid ? 

A compound ether, t.i'milm^lyeeriti, ordinarily termed nilro- 
/NO, 
glycerin C, II-, -Nu ( =(.:,H [NU1 is formed. 
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Describe the physical properties of nitroglycerin. 

It is a heavy viscid liquid, very poisonous, explodes with t> 

rifle force, and when mixed with other substances it is various; 

known as dynamite, giant powder, rendrock, etc. 

Is nitroglycerin used medicinally, if so, in what form, and whs 

is its effect 1 

It is used medicinally, acting like all the nitrites by relaxing 
the peripheral arterioles and capillaries (.hereby relieving cardiac 
tension. It is used iu form ofa 1 per cent, solution in alcohol. 

What are fete ? 

Usually a mixture of olein, palmitin, and stearin in varying 
proportions. 

What are the oleins, palmitins, and stearins chemically? 

Glycerides or compound ethers of the radical glyceryl with 
three molecules of the radicals of oleic, palmitic, or ( 

Give the formulas for them. 
Olein =C,H i (C„Hj,0. 0)„. 
Palniitin=C 3 H 3 (C„.H, i O.O) s . 
8tearin=C s H i (C, B H„0.0) 1 . 

Glyceryl tri-oleate, glyceryl tri-palmitate, glyceryl tri-ste 

What is produced by the action of KOH or NaOH on then 
Illustrate them. 
Soaps are formed, the process being termed saponification. 
C 1 II i (C la H 3S 0.0) s +3K0ir=C J H s (0H),-(-3KC 1H H ]B O,. 






What are soaps then, and in what do they differ ? 

Salts of oleic, palmitic, or stearic acid, or mixtures of th< 
three. Those made with KOH arc of soft consistence, and i 
termed soft soaps ; soda soaps are hard. 

How do the neutral fats behave under the action of pancreatin 
in the body, or when treated with superheated steam? 

They split up into glycerin and the fat acids. 
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Name the principal properties of fats. 

They are mora or less uiietimus, insoluble in water, soluble in 
ether, chloroform, and carbon disulphide ; by means of certain 
media they form opaque mixtures with water known as emul- 

What becomes of the fata ingested? 

Part of them is absorbed as such, others are decomposed by 
panereatin, forming; soaps with the alkalies, or, if not decom- 
posed, they are emulsified ; all of it is rapidly oxidized in the 
body. 

From what are fats derived besides from those ingested ? 

From the proximate principles ; the smaller portion from the 
carbohydrates, the greater from the proteids. 

What is the province of adipose in the body? 

It is stared up to furnish heat, and ready to be consumed if 
needed ; that part which is not stored produces heat directly. 

When and in what condition does fat occur in the urine? 

When there is a direct communication established with the 
thoracic duet, as in chyluria ; the urine in such eon 
pears milky from admixed emulsified fats; this may he sepa- 
rated by shaking the urine with ether after adding a little KOH. 

What are some of the teBts for fats? 

Insolubility in water, solubility in ether, their inflammability, 
tendency to emulsify and form soaps, also their power to arrest 
the gyratory movements of camphor in water. 
What other emulsifying agent is there in the body besides pan- 
ereatin ? 

Alkali albumin, present in the intestine, forms emulsions with 
fats, furnishing envelopes for the fat globule. 

Which is the typical natural emulsion ? 

Milk, in which the fat is euiiilsilied by a proteid — casein. 

What is butter? 

A mixture of the Lrlyccryl compounds of myristic, oleic, 
mitic, stearic, caproic, and butyric acids. 
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How is butter made artificially, and what called? How distin- 
guished from butter ? 

Oleomargarin or butterin is made artificially by expressing 
suet, and deriving the softer fats therefrom, and then mixed 
with milk and colored ; the principal test between it and butter 
is the difference in their melting points. 

What is lecithin ? 

A compound of cholin, C 5 H, 3 N0 2 , with glycero-phosphoric acid 
and fatty acids, present in nerve and brain tissue, and in the 
yelks of eggs. 

What are olefins, and which is the most important member of 
this group ? 
The unsaturated hydrocarbons of the general formula CH^ ; 
the most important of these is ethene or ethylene or olefiant 
gas, C„HJ r , the principal constituent of illuminating gas. 

Which of the alcohols corresponding to C ? H, is of importance? 

The diatomic alcohol known as glycol, C 2 H 4 (OH) 2 . 

What acid results by the complete oxidation of this alcohol ? 
A diatomic and dibasic acid, known as oxalic acid. 

C 2 HA=C,0 2 (OH) 2 . 

State its principal occurrence and properties. 

It is a crystalline solid, fusing in its water of crystallization, 
and subliming without decomposition ; it exists in various 
plants, principally the sorrel, and may be artificially prepared by 
the action of HN0 3 on sugar or cellulose. 

For what purposes is it commonly used ? 

For cleaning metals, removing ink and iron stains, etc. 

Which is the principal compound of oxalic acid ? 

Potassium oxalate, or better, acid- or hydro-potassium oxal- 
ate, also termed potassium binoxalate, KHC 2 4 -f-Aq. 

What is salts of lemon, and why does its name give rise to 
serious mistakes ? 
Salts of lemon is potassium oxalate, used for removing ink 
stains ; on account of its similarity in appearance to Epsom salts 
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a often mistaken fur it with fatal results ; also, the term, salts 
of lemon, inducing the belief that it is derived from lemons, 
and may be used in making lemonade. 

Is oxalic acid poisonous, and what is its action 1 

In strong solutions or iu substance it acts as a corrosive, by 
absorption from dilute solutions as a neurotic poison ; death 
may ensue promptly after taking it or even weeks afterwards. 

What is the treatment for poisoning by oxalic acid? 

Treatment to be available should be instituted at once, and 
consists of raw eggs, alkaline earths, magnesia iu milk, chalk, 
plaster from the wall, etc. ; avoid diluent drinks or alkaline ei 
bona tes, they for in soluble poisonous compounds readily absorbed. 
Which are the principal tests for oxalic acid ? 

AgN0 3 givesa while precipitate, which, when dry, explodes 01 
heating ; calcium hydrate or soluble salts of calcium give white 
precipitates insoluble iu weak acids, soluble in HC1 or UNO,. 

Which is the principal monobasic acid of this series? 

Lactic acid, 0,H,-O., existing in two, if not three is 
dilions. Ordinary lactic acid is present in the gastric juice, and 

a fermentation product of milk ; it is a colorless, syrupy liquid 

sour taste, and is optically inactive. 

What is the tartaric acid of the Pharmacopoeia'! 

A crystalline solid, C ( II„0 6 , one of a member of four acids oF 
that formula, soluble in water and alcohol, of acid taste and r> 
action, charring at red heat ; its solution develops a fungus on 
standing which decomposes it ; it is tctratomic and dibasic. 

What are the principal officinal compounds of tartaric acid ? 

Acid or hydropoUissium tartrate, termed cream of tartar, 
KHC«H,0 # =KHT. 

Sodium potassium tartrate, KNaC,TI 1 B =KNaT. 

What is citric acid ? 

A crystalline solid, C ri H.O T +Aq, of acid taste and reaction, 
very soluble in water. It occurs in lemons, oranges, and other 
fruits. Citric acid and its salts are decomposed iu the economy 
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e alkaline ; it is tri- 



into COj and carbonates renderli 

What are terpenes? 

Unsaturated hydrocarbons of the general formula C„H jn 

Which is the moat important member of this group ? 

Terebenthene, C l0 H ]r ,, on account of having a great number of 
isomeres in the volatile or essential oils, varying according to 
their physical properties, odor, arid optical behavior. 
Which are some of the principal terebenthenes tued medici- 
nally? 

Turpentine TJ. S., the viscid juice exuding from pine, abics, 
etc., also white turpentine, Canada turpentine or balsam of fir, 
Venice turpentine, Chian turpentine, and oil of turpentine. 

What is oil of turpentine? 

Oil or spirits of turpentine is the distillate from turpentine, 
containing principally terebenthene; it is a colorless, limpid, 
neutral liquid, sp. gr. 0.86, oxidizing rapidly when exposed to 
the air, used medicinally as a diuretic and stimulant. 
When oil of turpentine is treated with sulphuric acid what 
results ? 

Terpine hydrate, C l „H„ i 2H 1 0-f-II..O, a white crystalline solid 
without taste or odor, soluble in hot water, alcohol, and ether. 

What is caoutchouc and what gutta-percha ? 

They are both hydrocarbons, closely related to terebenthene; 
caoutchouc, also termed India-rubber, when melted with sulphur 
forms what is known as vulcanized rubber, and when the amount 
of sulphur is increased forms hard rubber ; gutta-percha is a con- 
crete juice of elastic consistence, which when dissolved in chlo- 
roform is the liquor gutta-percha U. S. 

Camphors and resins, what are they ? 
They may be regarded as oxidized I 
directly from plants. 

Which is the ordinary camphor 1 
Laurel or Japan camphor, C lu H„,0, exists in several modifies 



rpenea, usually obtained 
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tions ; it is a colorless, transparent mass, volatile, soluble in 
alcohol, ether, and turpentine ; sp. gr. 0.985. 

What is camphoric acid? 

A crystalline substance, C 10 H 16 O 4 , obtained by boiling camphor 
with HNO s . 

What is menthol? 

A camphor contained in the essential oil of peppermint, really 
a menthyl alcohol, C, H 20 O, a crystalline, colorless solid, soluble 
in alcohol, ether, carbon disulphide, and acids. 

What forms the benzene or aromatic group ? 
Unsaturated hydrocarbons of the general formula C n H2 _e. 

Which is the first and principal member of this group? 

Benzene, C 6 H 6 , a colorless, mobile liquid, of characteristic 
odor, sp. gr. 0.86, boiling at 80.5° C. ; a good solvent for many 
resins, fats, and other substances, readily inflammable, burning 
with a smoky flame. 

How can the constitution of the benzene molecule be graphi- 
cally demonstrated? 

By arranging it according to Kekule, in a closed chain, in 
which the carbon atoms exchange alternately one or two val- 
ences, 

H 

• • I 
C 

S\ 

H— C^ ^C— H 



H— C 



C— H 



%y 

c 

I 

H 

the hydrogens of which are subject to substitution as in other 
hydrocarbons. 

What is the radical corresponding to benzene? 
Phenyl, C 6 H 6 — , a monad. 
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Can the mono-substitution compound of this molecule produce 
isomeres ? 
No ; because the replacing of any one of the H leaves the 
others in the same relation to it. 

How can the di-hydrogen substitution compounds of this mole- 
cule differ ? 

According to the manner in which they are substituted three 
isomeres may result. 

Br Br Br 

A h .A 

s\ s\ s\ 

TL—cS \c— Br H— C^ ^C— H H— C^ ^C— H 



H— C. .C— H 

C 

I 
H 

Ortho-dibromo-benzene. 



H -S /^-^ H ~S / 

c c 

I I 

H Br 



C— H 



Meta-dibromo-benzene. Para-dibromo-benzene. 

The immediate substitution producing ortho-, the intermediate 
meta-, and the opposite para-substitution compounds. 

What is the nitro-substitution compound of benzene ? 
Nitrobenzene, C 6 H 5 N0 2 , 

H 



A 



H-C^ \ 
H—C 



C— NO a 
C— H 



C 6 H 6 +HN0 3 =C 6 H 5 N0 2 +H 2 0. 



C 

I 
H 

A yellow oily liquid, of the odor of bitter almonds, also termed 
oil of myrbane, largely used in perfumery, and sometimes with 
disadvantage as a flavor, as it is very poisonous, producing 
unconsciousness, difficulty of respiration, cardiac irregularity, 
convulsions, and coma. 



CHBM18TBY. 171 

How can nitrobenzene be distinguished from the oil of bitter 
almonds? 

By reducing the former with acetic acid and iron-filings aniido- 
Inmzene or aniline is formed. 

What if the graphical formula of aniline? 

H 

I 
c 

//\ 



H— C* 



(—11 



C 

I 
II 

Which it the principal alcohol corresponding to benzene 1 

ii 

A 

\\—ilf N C— OH 

CJLOH I • 

II— C' .0—11 

c 

phenyl hydrate, phenol, also, but erroneously, termed carbolic 
acid, phenic and phenylic acid, principally obtained by the 
fractional distillation of coal tar, from which it passes between 
100-200^ C. 

What are the physical properties of carbolic acid f 

A crystalline colorless solid when anhydrous, of characteristic 
odor ; it melts at .W J C, and if 5 per cent, of water is then added 
to it it remains liquid ; exposed to light it turns red without 
deterioration. 
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For what purpose is carbolic acid employed in surgery? 

As an antiseptic and germicide, as a lotion and dressing for 
wounds, etc. ; it acts like a protoplasmic poison. 

How does carbolic acid act locally ? 

It produces a white eschar on the skin with a feeling of numb- 
ness, and is for that reason employed as a local anaesthetic ; it 
coagulates and condenses the mucous membranes, leaving hard 
white eschars ; at times it is absorbed from wounds and pro- 
duces systemic effects. 

What is the toxic action of carbolic acid ? 

It is a neurotic poison ; stops the heart in diastole, produces 
giddiness, insensibility, and heart failure. 

What are the antidotes for carbolic acid ? 

Olive oil, castor oil, stomach-pump, saccharated lime, mag- 
nesia. 

By what tests is carbolic acid recognized ? 

Its odor ; yellow crystals of picric acid forming when it is 
acted on by HNO s ; purple color on addition of a ferric salt, a 
greenish color on addition of NH 4 OH followed by sodium hypo- 
chlorite ; a yellowish-white precipitate when added to bromine 
water; Millon's reagent (mercurous nitrate -f-HNO s ) gives 
with it a red color when warmed (detects 1 in 200,000). 

What is the result of treating phenol with nitric acid? " 
Trinitrophenol or picric acid, C 6 H 2 (N0 2 ) 3 OH. Crystallizing 
C HpH+3HNO 3 =CJl. 2 (NO a ) 3 OH+3H v O 

in brilliant yellow six-sided prisms or plates ; is of a very bitter 
taste, not easily soluble in water, readily so in alcohol, ether, 
and benzene. 

For what purposes is picric acid used? 

For staining tissues yellow, also for dyeing, as a precipitant 
for albumin and alkaloids, and for determining sugar in urine 
quantitatively. 
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From what besides phenol may picric acid be produced by nitric 
acid? 
From various organic bodies, such as indigo, aniline, resins, 
silk, leather, wool, and albuminoids. 

Which are the diatomic hydrates corresponding to benzene? 

Three isomeric substances, called respectively pyrocatechin, 
resorcin, hydroquinone, are sometimes comprised under the 
term oxyphenols, C 6 H 4 (OII) a . 

Give the graphical formulas of these. 

OH OH OH 

I I I 

c c 

//\ //\ *\ 

H— C^ ^C-OH II— C^ ^C— II II— C^ V'— II 



H— C 



C— II H— C 



C— OH II— C 



C— H 



%/ %/ \s 

c c c 

B It OH 

Pyrocatechin, oxyphenic Resorcin or resorclnol. Hydroquinone. 

acid, catechol. 

Which of the three is used in medicine, and to what purpose? 

Resorcin, occurring in colorless and odorless short rhombic 
prisms, freely soluble in water, alcohol, and ether ; it has been 
used as an antipyretic, a local caustic, and alterative. 

What is toluene ? 

Another member of the aromatic series, of the formula C 7 II M , 
which may be viewed as a methyl benzene, C H..CI1 S ; a color- 
less liquid of characteristic odor, obtained from coal tar and the 
dry distillation of tolu balsam and other resins. 

What alcohol corresponds to toluene? 

Benzylic alcohol or benzoic alcohol, benzyl hydrate, C 6 H B .CH a 
OIL 

Which acid corresponds to this? 

Benzoic acid, C 6 II 5 .CO.OII, crystallizing in white shining 
needles or plates, either odorless when pure or of a pleasant 
odor of benzoin when prepared from this by sublimation ; it is 
of acid reaction, monobasic, and forms salts termed benzoates. 
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When benzoic acid is ingested in what form is it eliminated ? 
Aa liippuric acid, CJI^fO,, benzyl glycocoli or benzyl-aniido- 

ncetic acid, which gives the urine an acid reaction ; it is largely 
found in the urine of herbivora. 
What is salicylic acid '. 

C a H,(OH).CO.OH, oxybenzoic acid, crystallizing in white 
needles, somewhat soluble in water, readily soluble in alcohol 
and ether; it may lie obtained from oil of wintergreen, in which it 
exists as methyl salicylate, but is manufactured principally from 
phenol ; it is a valuable antiseptic* and medicinal agent. 

What is gallic acid? 

C e H,(OH),CO.OH, crystallizing in silky needles, of acid taste, 
slightly soluble in cold water, freely soluble in hot water and 
alcohol. It is obtained from nutgallB by converting the tannic 
acid by a fermentative process into gallic acid and extracting 
the latter by hot water. 

Benzoic aldehyde, what is it ? 

Benzaldehyde, C 7 H,O=0,H s CHO, is an essential oil of bitter 
almonds ; a colorless or yellowish liquid of characteristic odor, sp. 
gr. 1.05U, boils at 179° C. It is obtained by the action of emulshi 
ferment on amygdalin, oil of bitter almonds, hydrocyanic acid 
ami glucose being formed. Owing to the presence of hydrocyanic 
acid it ia poisonous. 
What U chok st ■:■ rin ? 

Cholesteric alcohol, C'.. H 1!1 OH, largely found in the animal 
economy, and sometimes abnormally in the biliary secretions; 
when in the hitter it separates to form gallstones. 

How may cholesterin be recognized ? 

By being soluble in hot ether and alcohol, from which it 
separates on cooling in rhombic plates ; with Il.SO, it turns red, 
and on addition of water or chloroform to this it changes to 

What is naphthalene? 

C',,,11,, a white crystalline solid of characteristic odor and 
tmctooiM touch, insoluble in water, readily soluble in ether; 
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is the principal member of the unsaturated hydrocarbons of the 
general formula C H 2 n-, 2 . It is obtained by the fractional dis- 
tillation of coal tar. 

What are its principal uses in medicine? 

It is a valuable and non-poisonous antiseptic, and is largely 
used as an insecticide (moth destroyer). 

Describe the arrangement of its molecule and give its graphi- 
cal formula. 

It is constituted of two benzene molecules united by two of 

their carbons, thus : — 

H H 

I I 

C C 

S\ /% 



c 

I 

H 



C 

I 
H 



What are the two hydrates of naphthalene ? 

a naphthol and j3 naphthol, both having the formula C 10 H 7 OH ; 
the naphthol is largely employed as a valuable antiseptic. 



Carbohydrates. 

What compounds are known under this name? 

Those composed of carbon, hydrogen, and oxygen, the carbon 
being present in groups of six or multiples thereof, and the hy- 
drogen and oxygen in the proportion as in water. 

Give the principal groups of carbohydrates and their formulas. 



Celluloses. 


Saccharoses. 


Glucoses. 


(C fl H 10 O 6 ) 11 


C 12 H2oO n 


C g H 12 € 


Cellulose, 


Cane sugar, 


Grape sugar (dextrose), 


Starch, 


Milk sugar, 


Fruit sugar (laevulose), 


Glycogen, 


Maltose, 


Galactose, 


Dextrin, 


Melitose, 


Arabinose. 


Gums. 


Melezitose. 
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Which is the purest firm of cellulose? 

Cotton, gossypium. deprived of its fat it is known and used in 
medicine as absorbent cotton. 

What results when cellulose is treated with H*S0 4 ? 

It first swells up and dissolves to form dextrin, which, when 
diluted with water and boiled, changes into glucose. 

How is parchment paper made ? 

By dipping unsized paper for a little while into sulphuric acid 
and washing it well before drying. 

What is pyroxilin. and how produced? 

Xitr.*>re , .InlASt v . crun-cotton. or coUodium-cotton, is produced by 
the action of IIXOj on cellulose. 

Give the formula for pyroxilin. 

It may be either d:-n::rocelluloee. C fi H„0. i .(N(X). r , as in collo- 
dium-cotton or tri-n::rocelluloee. gun-cotton. C i H 7 3 .(y0 2 ) 3 . 

What is collochuin. and what its varieties? 

Co li odium is a solution of p;. roxiiin in alcohol and ether, used 
in sunrerv. etc.. for f.-rm-n^ an artificial >kin ; as it contracts verv 
much on drying, it is made more flexible by the addition of 5 per 
cent, of Venice turpentine and 3 per cent, of castor oiL When 
mixed with the ethereal extract of cantharides it forms canthari- 
dal collodium or Llisuriiu: paint : when mixed with tannin it is 
know u as stvpue colLxiium. 

What is celluloid? 

A solution of camphor in collodium. Arming on evaporation 
of the ether a mass which is plastic while warm and hard at 
au ordinary temperature. 

Which is the most important of the celluloses? 

Amy lose or starch amvlum\ the feeules found in the roots, 
tubers* grains* etc., of plants : it is insoluble in cold water, and 
separated by washing it from the crushed grain with cold water. 

What is the proportion of starch and gluten in wheat flour! 

Starvh T& por ivitf. ajud gluten 11 per cent. 



CHEMISTRY. 177 

Describe the shape, structure, and proximate composition of 
starch fecules. 
They are granular, irregularly oval, and of characteristic 
structure ; their centre is termed the hilura, which is surrounded 
by concentric layers or lamina ; they are composed of cellulose 
and granulose. 

Are all fecules of starch from various sources alike, and what 
is their common characteristic? 

Starch fecules from different sources vary, but all are polarized 
in characteristic form, representing a Maltese cross centred in 
the hilum. 

By what tests can starch be recognized? 

1. Starch is insoluble in cold water, but on boiling forms a 
transparent mucilage or gelatinous mass ; this when diluted 
sufficiently is known as starch-water. 

2. Treated with a solution of iodine starch gives rise to a bluish- 
black precipitate, which is dissolved by KOH or CI, and also by 
heat. 

3. Boiled with dilute acids starch is converted into dextrin and 
glucose. 

3C 6 H 10 O 5 +H 2 O=2C 6 H,A+ C 6 H 10 O 5 . 

Starch. Glucose. Dextrin. 

What is dextrin ? 

One of the celluloses, sometimes termed British gum, and is 
obtained by exposing starch to dry heat of 175° C. It is a yellow 
amorphous powder, soluble in water, forming mucilage ; with 
iodine it gives a red color, and does not reduce alkaline cupric 
solutions. 

Which of the celluloses are termed gums ? 

Carbohydrates, soluble in water, insoluble in alcohol, and 
capable of being converted into glucose by H. 2 S0 4 ; the principal 
members of this group are acacia and tragacanth. 

Glycogen, what is it, where found, properties, and destiny ? 
Animal starch, belonging to this group, is found in the liver, 

12 



WBSTIAU ■:•? MEDICAL CHEMISTRY. 

In the mnsclea, in oysters, ami in embryonic .structures ; it ia 
principally derived Croni carbohydrates, bat also from proti-iik 
ll w probable that U furnishes muscle energy, as there is less 
prEsrat in the muscles after muscular effori> ; it is claimed to be 
»lored up in the liver as colloidal glucose, from which it can be 
changed into diffusible glucose by a special ferment ; it is uot 
present in the blood. 



Which carbohydrates are known at 
Those having the formula C^II^O,,. 

Which is the principal one. and where found ! 

Cane sugar, found in sweet fruits, and other parts of saccha- 
rine plants, such as sugar-cane and beet-root, from which it is 
obtained by expression anil crystallization. 

What are the different forms of cane sugar? 

Ordinary table sugar, rock candy, lower grades, iui>h-s< s or 
treacle and caramel ; molasses remains after the crystallization 
of the former; caramel ib burned sugar forming at "21(P C, used 
for coloring liquors. 

What are the properties of cane sugar ? 

It in very sweet to the taste, of monoclinic crystalline struc- 
ture (oblique prisms), dextro-rotatory; boiled with dilute acids 
It 1h hydruleil Into dextrose and laevulose. 

C ll..u„ + H,0 = CJI„0, + C.H.jO, 

C»n« nft*. Glueom, Lierolote. 

Why Is the Utter called inverted sugar 1 

11. ■ in .r the rotatory power exercised on it by polarized light 
l> iiimH'J. i, i.. lauvo- rotatory ; laevulose is sweeter than 

gliMvw inn atwrjiUtlttsjofaHi 

DoiPrth* the distinctions between glucose and cane sugar. 

i mi N UT daw not rediH'o tin- alkaline cupric solution-: di- 
u.liIi [ltdownol ferment *» such, but lias u> be converted into 
with U,S(>„ glucose does not. 

What is lixtiw, and how derived* 

v iiu.li from the whey of milk 
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as a by-product in the manufacture of cheese, crystallizing from 
this after concentration on foreign bodies, such as strings, sticks, 
etc., inserted into it. 

Describe its properties. 

It is crystalline, not so soluble nor so sweet as the other sugars, 
reduces the alkaline cupric solutions, is dextrorotatory and 
ferments, changing into alcohol, carbon dioxide and lactic acid 
(koumys). 

Glucose, what is it ? 

Grape sugar or dextrose C 6 H lv 6 , found on raisins, in honey, 
and derived from other carbohydrates such as starch, etc., also 
from glucosides by the action of dilute acids and ferments. 

How is glucose manufactured ? 

By treating starch with H V SG 4 , precipitating the acid with 
CaC0 3 and concentrating the liquid. 

For what purposes is glucose principally used? 

As a substitute for the syrups of the market, honey and tabic 
syrups being largely glucose ; the solid grape sugar is manu- 
factured into candies to a great extent. 

Is this substitution injurious to the health? 

Not if the glucose is made from pure materials, as all sugars 
and carbohydrates have to be converted into glucose before they 
are assimilated. 

Which is the most important chemical property of glucose ? 

That it reduces the metallic oxides. 

Is glucose present in the urine in normal conditions, and in 
which disease is its presence abnormally great? 
Minute traces of glucose are normally present in the urine, 
slightly increased at times by various physiological or patho- 
logical changes ; when present in the urine in larger quantities 
and persistently, it characterizes the disease known as diabetes 
mellitus. 

What caution should be observed in testing urine for glucose ? 

That it should contain no albumin ; if present, it should first 
be separated by boiling and subsequent liltivtion. 
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What is Moore'f test for sugar in urine? 

To boil for a few moments a mixture of equal parts of the 
urine and KOH solution. If glucose is present the mixture will 
turn deep yellow or brown. 

What is Boettger's test ? 

The alkaline bismuth test ; boil equal parts of urine and KOH 
solution to which a pinch of bismuth subnitrate is added ; if 
glucose is present the white bismuth salt will turn dark gray or 
black, being reduced to metallic bismuth. (See Bismuth.) 

Is this test always admissible ? 

If albumin or sulphur compounds are present it is not ; to 
ascertain this boil with litharge first instead of the bismuth, if 
the litharge blackens, this test cannot be employed. 

Which is the principal test for sugar in urine! 

The alkaline cupric test, in which the cupric oxide, held in so- 
lution by KOH or XaOH and some organic substance, is at 
the boiling point reduced to cuprous oxide. (For reaction, see 
Copper. ) 

Trommer's test, how is it performed ? 

To a little urine in a test-tube add an equal volume of KOH 
solution and a few drops of CuS0 4 solution. Heat to the boiling 
point ; if sugar is present yellow or red cuprous oxide is precipi- 
tated. 

Haines* test, how applied ? 

To some KOH solution in a test-tube add a few drops of solu- 
tion of CuS0 4 and a few drops of glycerin ; boil this and after 
removing from the flame add gradually some of the suspected 
urine ; if glucose is contained in it, a yellowish-red precipitate 
of cuprous oxide will be thrown down. 

What is Fehling's solution? 

A solution of NaOH and sodium potassium tartrate (Rochelle 
salt), to which a solution of CuSo 4 is added. 

State the disadvantage of Fehling's solution, and how obviated. 

Fehling's solution does not keep well, and should therefore 
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not be kept ready made for any length of time ; to obviate this, 
the alkaline solution of Rochelle salt and the 0uSO 4 solution 
should be kept separate, as follows : — 

Ii. CuS0 4 34.64 grams, water q. s. to 500 e.c. 

R. Rochelle salt (crystallized) 173 grams, Sol. NaOH (sp. gr. 
1.34) 100 c.c, water q. s. 500 c.c. 

For use, mix equal volumes as needed. 

How is glucose detected with Fehling's solution? 

By boiling in a test-tube some of the solution, and after re- 
moving it from the flame add a little of the suspected urine or 
fluid ; if no reaction takes place, heat again, and add more urine 
in the same manner ; if glucose is present, yellow or red cuprous 
oxide will be precipitated. 

In which way may glucose be quantitatively determined with 
Fehling's solution? 
Place into a capsule, beaker, or flask 10 c.c. of Fehling's so- 
lution, diluted with 40 c.c. of water. Heat to the boiling-point, 
and let gradually run into it from a burette a mixture of one part 
of urine and nine of water, stirring the mixture until the blue 
color of the test solution has entirely disappeared. Repeat this 
several times until the amount of diluted urine used proves the 
smallest quantity effecting complete reduction. 

How is the amount of glucose computed from this process ? 

As the 10 c.c. Fehling's solution can be reduced by exactly 
0.05 glucose, the amount thereof present in the mixture of urine 
and water corresponds to this. As the quantity of the mixture 
used out of the graduated burette equalled T x of the urine to be 
examined, this (1 in 10) contained 0.05 grams of glucose. Thus 
if 16 c.c. diluted urine (1 in 10) were used, 1.6 c.c. urine contained 
0.05 grams of glucose. To obtain the percentage the following 
proportion will answer : 1.6 : 0.05 = 100 :x ; x = 3.1 per cent. 

What is Johnsons picric acid test for the quantitative deter- 
mination of glucose in urine? 
It consists of converting picric acid in the presence of KOII 
and glucose into reddish-brown picramic acid ; the intensity of 
the color of the latter being proportionate to the amount of glu- 
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cose present ; the color of the pieramic acid formed is then com- 
pared with that of a standardized solution of ferric acetate, and 
thus the amount <.jf g] ucusu ascertained. 

How is this test performed ? 

Take of urine f^j, liijum- piitnssfc f.^.-s. solution of picric acid 
(gr. 5.3 to f^j), m. xl. water q. s. ad f3iv into a test-tube, 
and boil for sixty seconds ; after which cool the mixture, and 
bring it up to the original volume (fgiv). OF this pour 10 c.c. 
iuto a 100 l'.c. graduated cylinder, which has attached to it a 
test-tube of equal diameter and containing the standard fluid ; 
dilute the boiled mixture to equal lit color the standard liquid, 
and for each 10 c.c. it has been diluted up to, count 1 grain of 
glucose iu the ounce of urine tested. 

What is the standard ferric acetate solution composed o 
B. Liquor, ferri chloridi f^j ; 
Ammonii carb, jj ; 
Aeidi acctiei fsv; 
Aqute destillat. q. s. ad fgiii 

How is the quantity of glucose in urine determined by Rob* 
differential density method ? 
Take the specific gravity of the urine to be tested, and take 
of this about 4 fluidottnees, with this is mixed up a small quan- 
tity of compressed yeast; set aside for 24 hours in a warm place 
until fermentation is complete, and then take the specific gravity 
of the fermented urine ; subtract this from the first amount, and 
for each degree of sp. gr. lost, there is one grain of glucose 
present in the fluidouuee of urine. 

By what other process may sngar be quantitatively determined ! 
By polarization. 

What is polarized light ? 

When a ray of light passes through a feldspar prism (Nieol's 
prism), it is deflected in two directions, one of which is termed 
refracted and the other polarized. 
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Vhat is the effect of sugar, proteids, and other optically active 
substances on polarized light passing through their 
solutions ? 
They deviate it in accordance with tlieir individual composi- 
tion and the density of their .solutions. 

What are polarizing saccharimeters, and what their component 
parts? 

Instrument? to ascertain the quantity of sugar iu a fluid to he 
examined; they are composed of a polarizer, a container, an 
analyzer, and a graduated arc for reading oil' the angle of 
deviation. 

What is the specific angle of rotation of glucose, and how is 
the quantity of sugar computed from the observed angle ? 

+56, and the formula for compulation is — ' — , thus if 
2.tP were the observed anL;le the formula would read 

100 x 2.8 280 . 

irr — = ->.- = o per cent. 

ob 56 r 

Glucosides. 
What are glucosides? 
Various subacid or neutral principles obtained mostly from 
they have the characteristic property of splitting up 
under the action of ferments or acids into glucose aud other 
bodies. 
As what may they be chemically regarded ? 

As compound ethers or ethereal salrs of the glucoseB. 

Name the principal glucosides, and what is the rule adapted re- 
garding their nomenclature? 
ieir names have the terminal syllable " in" in English and 
mi" in Latin, in contradistinction to the alkaloids, which 
inate respectively in "ine"anil "ina." The principal ones 
interest in medicine are amygdalin, colocynthin, digitalin, 
lycyrrhtziti, jalapin, salicin, santonin, and the tannins. 

is amygdalin, and how does it split up ? 
A crystalline glueoside, C :0 lI, T NO m present in and obtained 
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from bitter almonds, cherry-laurel leaves, wild -cherry bark, and 
other plants of the aiuygdaleie aud poineie. By the action of 
boiling dilute acid* or tin- ferment emulsin it splits up into 
o'dof bitter almonds, hydrocyanic acid, and clucose as follows: — 
CO^NO,, + 2H,0 = C',11,.0 + 2C ( H, : O t + CXII 

ilraan.lt. acid. 

What is digitalin, and what does it split up into? 

A complex body resolved into digitonin, digitaliu, and digi- 
talein; with H,SO, it splits up into glucose aud digitaliretin, 

By what test may digitalin be recognized? 

Dissolved in IT,SO, it yields a green color, which, ou addition 
of bromine water, changes to a reddish- violet, and on dilution 
with water, emerald green. 
What is salicin, and how does it split up? 

A white crystalline glueoside, (..' n H^O„ derived from the bark 
of the willow ; with acids it splits up iuto glucose and saligeuiu. 
Which glacoside is obtained from santonica? 

Santonin, C 15 H, H 0„ shining crystals which split up with acids 
into glucose and santoniretin. 
Which is the tannin of the TJ. S. P. ? 

The glucoside obtained from nntgalls, also known as gallo- 
tannic acid; it is now regarded not as a tannin or glnco.'ide 
proper but as a digallic aeid ; it has the formula C u II, a O a , and 
under the action of boiling dilute acids or alkalies it is changed 
into gallic acid. 

C u H 10 O, + H,0 = 2C,H e O i 

Inversely gallic acid can be changed into gallolannic acid. 
2C T H,0 6 = H,0 + C„H 10 O, 

0>]|]c add. Galloumnic acid. 

What are the reactions for gallotannic acid? 

With solutions of ferric salts it gives dark bluish-black precipi- 
tates ; no precipitate with ferrous s;ills, but gradually forming 
on exposure and oxidation ; this is known as ink ; with gelatin, 
albuminoids, and alkaloids it tonus precipitates. 
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Substituted Ammonias. 

What is meant by these 1 
Compounds forming on the ammonia type, q. v. 

Which are the compounds so forming? 
Amines, amides, Imides, alkalamides, and amido-c 

What are amines ? 

Ammonia NJJ„ in which one or more II is replaced by c 
tropositive (alcoholic) radicals. 
Give the formulas of mono-, di-, and trimethylamine. 

CH.NH, (CH 3 ),NII (CHJjN 
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How do the amines behave towards acids? 

They have basic properties like ammonia, i 
unite directly with acids to form salts. 



What are amido-acids? 

Monobasic or fatty acids, in which one II of the alcohol radi- 
cal iB substituted by auiydogeu, and having both acid and basic 
functions. 

What is the most important one of these? 

Aroido-acetie acid, CH,NH,.CO.OH., known as glycocol or 
glycine. 

In what acid of the body is glycine contained 1 

Tn glycocbolic acid, C^II^NO,., found as sodium glycocholalo 
ii the bile and during icterus in the blood and urine. 

How does glycocholie acid split up? 
Into cholic acid and glycocol. 

C a H 13 NO, r |-H 1 0=C„H,A + C^SCv 

Which other acid is associated with this in the bile f 
Taurocholie acid, C^II.-.NO.S, as sodium tauroch 
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Into what can this be split up? 
Into cholic acid and taurin. 

O w H (S NO,S + K a Q=C tf Tt a Q l ,+C&RQ&. 

Under what name are these two acids commonly known, and 
by what reaction recognized.? 

They are known as the biliary acids, and recognized by the 
Pctteukofer's reaction. 

How is the Pettenkofer's reaction applied, and what has to be 
done when used for testing urine or blood ? 

A minute quantity of cane sugar is added to their solutions, 
and this floated on II, .SO, in a tcsl-tube, when a fine purple color 
will appeal* at their line of contact. In applying this to urine or 
blond, the fluids mu-l lie evaporated, the residue extracted with 
alcohol, and this mixed with ether, the precipitate resulting ia 
dissolved with water and tested as above. 

What is leucine ? 
Amido-caproic acid, CH 3 {CH,) a .CH.NH J COOH = C,H ls NO I , 

found in the urine of those suil'eniiL' lYnni hepatic d iscascs, prin- 
cipally in acute yellow atrophy, appearing as spheres under the 
microscope. 

What other substance is associated in such conditions with leu- 
cine in the urine? 
Tyrosine, C^II^NO,,, appearing under the microscope as stellar 
bundles o: 



What is creatine and what creatinine ? 

Creatine, C,II..XO.,, methyl glycocvamiue, is another amido- 
acid found in the animal o ram ism. especially in the. juice of mua- 
clfis, and also in the brain, blood, and amniotic fluid. Creatinine, 
C,H,N H 0, a product of dehydration of creatin, ia normally pre- 
sent in the urine, aud obtained from this as a zinc compound by 
precipitation with zinc chloride. 

When the hydrogen of ammonia is substituted by electronega- 
tive or acid radicals, what results? 

Amides, thus acetamide is CH..O.NH,; if respectively one or 
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more of the II of Nil,, tlicy form primary, secondary, or tertia 
amides; if a multivalent acid radical replaces one II in nit 
than one group of N H„ they are terme J R di- or It tri-amide. 
What is car bony 1 di-araide ? 

Carbamide or urea, CO"<^ {{'= CON,H (1 an isomere of aro- 
nimn cyanate, NH,.OON. 
How does urea originate in the body, and how is it excreted? 

Urea is the final product of elimination of all nitrogenous food 
entering the bin I y ; il. is principally >.' I i initialed by the kidneys it 
quantities of about 5<K1 grains daily ; more or lees influenced by 
the amount of albuminous fi"Hl ingested and the condition of the 
skin, bowels, and kidneys. 

What are the properties of urea T 

It is neutral, odorless, of a cooling bitter taste, very soluble in 
water and alcohol, insoluble in ether; it crystallizes in four- 
sided transparent prisms with bevelled edges ; it forms crystalline 
compounds with acids, bases, and salts. 

How is the oxalate or nitrate of urea prepared from the urine? 

By acidulating condensed urine either with oxalic or nitric 

acid, crystals of urea oxalate, (CH 4 N a O),C,H,0,+2Aq 1 or urea 

nitrate, CH^O.HNO.,, separate on cooling. 

What is the compound of urea with mercuric oxide 1 
A white precipitate of the formula CH.NA^HgO. 

How is urea decomposed by sodium hypobromite or hypo- 
chlorite? 

Into sodium chloride or bromide, carbon dioxide, water, and 
nitrogen. 

N,H,CO+3NaBrO=3NaBr+CO,+2H 1 0+l!f, 
In which way is this utilized ? 

In different processes for the quantitative determioatioi 
urea in the urine. 
What is the differential density or Fowler's method for the de- 
termination of urea in urine ? 
The process of decomposing the urea therein with Labar- 
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raquc's solution and comparing tin- loss ofspeci lie gravity, wliicl 
is in direct proportion to the urea decomposed. 

How is this process carried out ? 

Take the specific gravity of the urine accurately, also that of 
the liquor sodrc chloratie ; the latter multiply by 7, and to tlie 
product add the (specific gravity of the urine ; the sum of the 
two divided liy 8 gives then the specific gravity of a mixture 
of 1 volume urine and of 7 of the hypochlorite solution. Then 
add 1 volume of urine to 7 of liquor sndfe ehloratie, allow the 
mixture to stand for several hours until effervescence has ceased, 
and take the specific gravity of the mixture; this subtracted 
from that representing the mixture before reaction gives the 
difference, which, if multiplied with 0.77, corresponds to the 
percentage of urea present in the urine. 
On what process does Liebig's method for the quantitative de- 
termination of urea depend? 

On the formation of urea compounds with mercuric oxide, » 
standard solution of mercuric nitrate being used with sodium b; 
lu indicator. 



How is this process conducted ? 

Urine is deprived of its sulphates and phosphate? with bary 
water; after filtration it is titrated with the standard solutint 
of mercuric nitrate, an excess of which is indicated by thi 
sodium bicarbonate. 

What is known as the Russell and West's method for d 
ing the urea in urine 1 

That based upon the decomposition of the urea by cither tl 
alkaline hypohromite or hypochlorite of sodium, and mea 
the volume of nitrogen evolved which is converted into w 
and as such corresponds in a certain ratio with the amount o 
urea decomposed. 
What apparatus is used for this purpose, and how is the pre 
conducted? 

It consists of a flask containing a test tube with the u 
examined ; around this tube in the bottle is the NaCIO c 
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NaBrO solution ; connected with a glass tube through its stopper 
is a rubber tubing communicating with an inverted graduated 
burette floating in a cylinder of water. When the flask with 
the tube is inclined so that the urine will mingle with the Na 
BrO 6r NaCIO solutions it is decomposed, the C0 2 being absorbed 
by the alkaline solution present while the N enters into the 
graduated burette displacing the water therein and is so read 
off in c.c. ; these are converted into urea by multiplying with 
0.0027, giving in grams the urea present in the urine decom- 
posed. 

How is the alkaline sodium hypobromite solution (Knop's 
solution) prepared ? 
100 grams NaOH are dissolved in 250 c.c. water, and to this 
25 c.c. bromine are added. 

In order to have accurate results what must be done? 

The volume of nitrogen read off must be corrected for baro- 
metric pressure and temperature. 

What formula is used for this purpose ? 

yi _ .M^— w) 

760(1+0.00366 t.) 

in which V= is the volume required ; v= volume observed ; 
b= barometric pressure ; w= tension of aqueous vapor ; t= 
observed temperature centigrade. 

How does urea split up under the influence of the micrococcus 
urese? 
It unites with water and forms ammonium carbonate. 

CON a H 4 +2H,0=(NH 4 ) 2 C0 3 . 

In which morbid conditions is the amount of urea increased in 
the urine, and in which diminished ? 
During increased metabolism ; in febrile and inflammatory 
a flections it is increased, also in the different forms of diabetes ; 
in acute yellow atrophy of the liver it may be entirely absent; 
jn acute and chronic forms of Bright 's disease it may be greatly 
diminished, causing low sp. gr. of the urine, and giving rise to 
uraemia from being retained in the circulation. 
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What is uric acid, and in what form is it derived from the 
urine? 

It iB a compound urcn, (.\,H.N,0,, derived from the urine as a 
colored microscopical crystal of lc>zi'iic;i! *li:ipe, either solitary or 
in clusters, the angles coitu.s ponding to the shortest diiiinelci 
heing rounded off. 

Does uric acid occur free in the urine normally ? 

It does not occur free in normal urine but as salts, sodium, 
potassium, or ammonium urate ; these arc also found in the 
blood during gout aud iu fevers. 

What is the clinical significance of the presence of free uric 
acid in the urine ? 
When present at micturition or shortly afterwards it may 
give rise to the formation of gravel. 

How does uric acid form in the system ? 

As result of suboxidation of albuminoids, as an incomplete 
product in the formation of urea. 

Of what are gout stones principally composed ? 
Sodium urate. 

What are the properties of pure uric acid ? 

A white crystalline powder, odorless ami tasteless, very little 
soluble in water, dissolving without decomposition in strong 
H v SO„ from which it is precipitated on addition of water ; it is 
a dibasic acid forming with the alkaline bases both normal and 
acid salts. 

What is the solnbility of uric acid? 
1 iu 15,000-18,000; it is the most insoluble product of the 

Why do urates form deposits in joints and cartilages ? 

Because they are poorly supplied with blood, which is a solvent 
for them. 

What is the reaction of blood during gout? 
It is less alkaline than normally. 
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Why axe alkalies indicated in gout? 

Bemuse they increase the alkalinity of the blood so :i 
the elimination of the urates. 

What diet and manner of living favor the formation of uric 
acid? 
Bed meats, heavy wine, rich food, and lack of ex 

How is uric acid recognized chemically ? 

By the nmrexide test ; to apply this dissolve the substance to 
be examined in a few drops of HNO„ the solution is then re- 
duced to dryness by gentle heating, leaving a yellowish residue; 
if this is moistened with NII.OH a beautiful purple color, 
murexide, is developed if uric acid is present. 

How is the amount of uric acid in urine determined ? 

200-300 c.c. urine are acidulated with 5-10 c.c. HC1 and 
allowed to stand lor '24 hours when Ihe crystals formed are CO 
leuted and washed on a tared Alter; the dried filter bein 
weighed, the increase of weight giveB approximately the amount 
of uric acid. 

Alkaloids. 

What are alkaloids? 

Nitrogonized vegetable compounds of basic character, form- 
ing salts with acids, by directly combining with them like am- 
monia. 

How are they subdivided ? 

According to their plny-icnl condition into volatile and fixed 
alkaloids; those containing no oxygen are mostly liquid and 
volatile ; others containing it are solid and n on- volatile. 

What are they chemically ? 

Tertiary (like the quinoline and pyridine bases) and secondary 
amiues as far as they have been studied. 

How do alkaloids behave towards solvents? 

The free or basic alkaloids are generally insoluble or very little 
soluble in water, but soluble in ether, chloroform, amy lie alcoln 
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benzin, carbon bisulphide, alcohol, and acids ; as salts they are 
insoluble in these, but as a rule soluble in water. 

Have all plants different alkaloids ? 

Different plants may have identical or analogous alkaloids, 
several natural orders having similar or analogous ones ; one 
plant may have a number of them ; thus nux vomica has three, 
ignatia has three, cinchona four, opium about twenty-one, etc. 

Which are the general characteristics of alkaloids ? 

They are alkaline ; form precipitates with tannic acid, form- 
ing insoluble tannates (for that reason tannin is used as an anti- 
dote for them) ; they are precipitated also by the fixed alkalies, 
also by phospho-tungstic acid, ammonium molybdate, potassium 
iodo-hydrargyrate, platinic chloride, picric acid, etc. 

Why is it difficult to separate and determine poisonous alkaloids 
from cadavers? 

Their separation is intricate and requires delicate manipula- 
tion ; then they are present as a rule in minute quantities only ; 
they are besides generally subject to decomposition during the 
decay of the body, and finally their differentiation from ptomaines 
offers great difficulty, as they often possess the same color reac- 
tions, and in some instances similar physiological effects. 

What must be done to establish the identity of an alkaloid? 

All the color tests must answer, besides the physiological 
action and taste. 

On what depends the Staas-Otto method for extracting alka- 
loids ? 
Upon the fact that their acid salts are soluble in water, and 
can be rendered insoluble therein by alkalies as free bases ; as 
such they are taken up by ether or chloroform, amylic alcohol, 
carbon bisulphide, etc., and from these recovered by evaporation 
of the solvents. 

Which are the principal liquid alkaloids? 

Nicotine C 16 H, 4 N 2 , coniine C 8 H 1V N", piperidine C 5 H n N, and 
sparteine C I5 H 26 K r 
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From what plant is nicotine obtained, and what are its proper- 
ties? 

It is obtained from tobacco ; it is a colorless oily liquid of 
characteristic odor, is very poisonous, producing nausea, cold 
sweats, giddiness, cardiac depression, and difficulty of respira- 
tion. Treatmeut : wash out the stomach with a strong infusion 
of tea, charcoal, and stimulants. 

Where is coniine obtained from, and what are its properties? 

Coniine is obtained from hemlock (conium U. S) ; it is a color- 
less volatile liquid, of strong alkaline reaction, and penetrating 
odor. With HCi its vapors give rise to white clouds, as is also 
the case with NE, ; it is a powerful poison, causing paralysis of 
the muscles of the extremities, and when reaching the muscles 
of respiration death ensues from apncea. Treatment, as in 
nicotine poisoning, with artificial respiration. 

Which are the principal alkaloids from cinchona? 

Quinine, quinidine, cinchonine, and cinchonidine. 

What is quinine, and how recognized? 

Quinine, C^H^N^O^, is in its basic state an amorphous white 
powder ; it is freely soluble in acids, with which it forms crys- 
talline salts, the sulphate being the one most in use ; its acid 
solutions are fluorescent ; treated with chlorine it turns green 
on the addition of NH 4 OH, or red if potassium ferrocyanide is 
added. 

Which are the principal opium alkaloids, and with what acid 
' are they united in opium? 
Morphine, codeine, narceine, narcotine, etc., united with me- 
conic acid, as meconates in the natural state. 

What is morphine, and what its properties ? 

An alkaloid of opium, C 17 H 19 NO :r |-Aq, crystallizing in trun- 
cated prisms of alkaline reaction, combining with acids to form 
salts. The alkaloid is insoluble in ether and chloroform, very 
little soluble in water, more so in alcohol, and also in acetic 
ether ; its salts are soluble in water and alcohol ; insoluble in 

acetic ether. 
J3 
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Which are the symptoms produced by morphine poisoning ? 

Regular breathing, moist skin, livid lips, blue nose ; further 
on irregularly rhythmical (Cheyne-Stokes) breathing, and coma. 
This is always an alarming symptom, but recovery is still possi- 
ble, and the efforts to restore the patient should not be given up. 

How does morphine or opinm in toxic doses affect the pupils? 

They are contracted ; other alkaloids, such as eserine, aconi- 
tine, and strychnine, produce the same effect, but the general 
symptoms produced by them are different. It is to be remem- 
bered however that in apoplexy, involving the Pons varolii, the 
pupils are also contracted as in opium poisoning. 

How soon may death resalt from morphine poisoning? 

Symptoms may come on in from 15-30 minutes to an hour or 
three hours ; dry pills may not produce effects for 6-12 hours. 
Death may take place in 45 minutes, but usually not before 8-10 
hours. 

What is the treatment of poisoning by morphine or opium? 

Use the stomach pump ; if early enough emetics, mustard, salt 
and water, and zinc sulphate ; if no emesis is induced by these 
in a short time they must be abandoned. Wash out the stomach 
with strong tea, give animal charcoal, use faradism and artifi- 
cial respiration, flagellation with wet towels, to keep up respi- 
ration by reflex irritation, best to the region of the trigeminus, 
keep the patient moving and awake, strong coffee, enemata with 
brandy ; atropine is good as a respiratory stimulant. 

By which tests can morphine he recognized ? 

HN0 3 , orange-yellow color, shading off into yellow, Fe^Clg, 
greenish-blue. Iodic acid is reduced by morphine, rendering 
color of solution brownish from free iodine, changing to bluish- 
black on addition of starch water. 

What is tested for in looking for opium, and how? 

Meconic acid ; this gives a red color with ferric chloride, ex- 
tinguished by stannous chloride, but not by mercuric chloride. 

What is strychnine, and its properties? 

An alkaloid extracted from nux vomica and ignatia, crystal- 
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lining in various modified forms of octahedra ami four-aided 
prisms, which latter predominate. It is odorless, but of very 
bitter taste, and mid to be recognisable when t-o dilute us 1 in 
"If*" and can he readily recognised 1 in 50,000, and 1 in 10,000 
it is distinctly bitter ; it is soluble in 7000 parts of water, 1 in 
1000 carbon disulphide, 1 in 340 ether, 1 in 100 alcohol, and 1 in 
10 chloroform ; it is markedly basic and stable. 

Which is the principal salt of strychnine ? 

Strychnine sulphate St,II v SO, ; it does not char or color with 
H.,SO, ; dissolves in 10 parts of water and SO alcohol ; it is the 
principal ingredient in various vermin killers, and is largely 
used for destroying animals. 
What symptoms does strychnine produce in poisonous deses? 

Tetanic spasms ; muscles of respiration are rigidly con- 
tracted, producing a sensation of suffocation ; every muscle 
becomes contracted, lasting from ^-1 minute; opiBthotonos, 
broad grin, great pain, lockjaw, respiratory muscles and dia- 
phrnghm fixed, pupils contracted, dilating with relaxation of 
spasm; spasms come more and more rapidly until the victim 
dies of asphyxia and exhaustion. 

What is the fatal dese of strychnine and its Effect on infants? 

Fatal dose 1-2 grains, but recovery has been reported from 40 
grains. Infants may be poisoned by strychnine through tlio 
mother's milk, though the mother is not affected ; this is attri- 
butable to the more irritable spinal cord of children. 

How are cases of strychnine poisoning to be treated? 

Give the usual antidotes for alkaloids, but if the patient resists 
or cannot take them on account of spasm, put him partially under 
the influence of chloroform and then give emetics and antidotes. 

If emetics fail what is to be done 1 

Use the stomach-tube through perforated gag to prevent the 
patient from biting it dining spasm, and inject through this 
strong infusions of oak bark or tea or solutions of tannin, and 
h out the stomach thoroughly. 
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What are physiological antidotes for strychnine? 

Chloroform, chloral, bromides ; chloral by rectum 30-60 grains 
as required. 

How may strychnine be recognized? 

By the bitter taste, 1 in 10,000 or 5000 must give it distinctly ; 
the bitter taste is even more delicate than the color test ; if it is 
not bitter it is not strychnine, but though bitter it may be some- 
thing else ; H v S0 4 produces no change with strychnine, but by 
the action of nascent oxygen it gives rise to a play of colors from 
blue to purple, violet, crimson, and orange-yellow. 

How is nascent oxygen generated in the color-test for strych- 
nine? 
By HS.,0 4 , to which is added a small fragment either of potas- 
sium bichromate or permanganate, or else manganese dioxide 
or lead peroxide. 

What is known as the Marshall Hall's test? 

The physiological test ; it is done by injecting some of the sus- 
pect ed liquid subcutaneously into a small frog ; if strychnine is 
present the animal will have tetanic spasms, etc. 

What is hrucine and its properties? 

It is an alkaloid associated with strychnine in nux vomica and 
ignatia, frequently contained in the strychnine of the market ; in 
action it only represents about } \ the strength of strychnine ; 
test for brucine is HN0 8 with which it turns bright red (brucine 
is also a test for HNO a ). 

Which alkaloids derived from the solanace® are isomeric? 

Atropine, from atropa belladonna, analogous to daturine 
from datura stramonium, hyoscy amine from hyoscyamus niger, 
and duboisine from duboisia myoporoides, all of which have the 
formula C 17 II,.<NO, and similar effects, dilating the pupils, and 
therefore termed mydriatics. 

What is atropine? 

An alkaloid of atropa belladonna, probably existing asa malate 
in the plant (daturine may be considered as analogous to it) ; 
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it ia soluble in 400 parte of water, is of alkaline reaction, and 
freely soluble in alcohol, ether, and chloroform. 

What is homotropine? 

A synthetical product obtained from trophic and mandelie 
acid ; it is employed as n suhst.il.utc lor atropine. 

What are the symptoms of poisoning by atropine? 

Giddiness, drowsiness, thirst, incoherent speech, and almost 
loss of articulation, dry mouth and throat, strung pulse, occa- 
sional vomiting. Hushed (hue (erythema), dilated pupils, delirium, 
ischuria, coma, hut death not usual ; cause of poisoning most 
frequently from eating the berries of the deadly nightshade. 
What antidotes should he employed in cases of poisoning by 
atropine ? 

Emetics, zinc sulphate, apomorphine hypodermically ; stom- 
ach-pump if these fail ; wash out the stomach with strong infu- 
sions of tea, oak-bark, or tannin solutions, and charcoal. 

By which test can atropine be recognized? 

With HjSO, and a fragment of potassium bichromate it gives 
rise to an odor of orange blossoms or attar of roses aud a green 

What is the principal alkaloid of aconitnm napellus ? 

Aconitine, C^H^NO,,, producing numbness and tingling of 
mouth, fauces, and extremities, cardiac failure, and death by 
syncope. The physiological etlect on the tongue is the hest test 
for its detection. Antidotes, same as for other alkaloids, to- 
gether with cardiac stimulants. 
What are ptomaines ? 

The basic products derived during the process of decay of 
cadaveric bodies. 

What are leucomaines ? 

The basic products derived from organized bodies durii 
by the retrograde chemical process. 

Are the ptomaines constant chemical bodies? 

No, they vary according to the stage and (.lie conditions super- 
vening during decay, and arc quite unstable. 
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Xenrinc aeoridine. muscarine, eadarerme, mjdslt&e, aep- 
stne, sapriae, patnsanr, cot&duie and bydroeollidine. tuyda- 
tosine, mydine and melhylgianjdine, tjphatnwiin , sad tyro- 
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a claimed to be a diaaobenzot, t\H i X 1 C,H,O r 



Guanin. xanthin, hypoxanthin. creatin, and e 



What are proteids or protein bodies ? 

Albuminoids or albuminous bodies constituting the principal 
component of the animal organism, and aJso present In plants 






How are they chemically eomtituted ? 

Their molecules have a very complex composition, bat alw 
contain nitrogen. 

In which way can they be studied? 

By thetr prod airts of decomposition, resol ting both from cl 
eal and putrefactive changes. 

What are the two principal state* in which they occur T 

In the soluble and insoluble state ; the Litter being derin 
from the former by beat and various chemical bodies ; the ii 
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inverted iuto the ft 

Of what elements are the albuminoids principally composed ? 
Carbon, oxygon, nitrogen, hydrogen, and sulphur. 

Which are the general tests for the recognition of albumi- 
noids? 

With the alkaline cupric (Folding's) solution they give a violet 
coloration ; with strong nitric add they give a yellow coloration, 
changing with ammonia water to a brownish* red on cooling; 
this is known as Llie xanthoproteic reaction ; with Millon's re- 
agent they give a tobc or red coloration. 

What arc the two principal albumins 1 

Eggalbumeu as occurring in wliite of eggs, and serumalbumin 
as present in the serum of the blood. 

How can these two be distinguished? 

Eggalbumen coagulates when shaken with other ; scrmnalbu- 
niiu does not. 

What is serumalbumin ? 

In its dry state it is yellowish and transparent ; it exists in 

solution in the serum of the blood and otlier fluids of the body, 

and pathologically also in the urine at times. 

Are other albuminoids besides serumalbumin secreted from the 

urine at times ? 

Serumalbumin is the principal one, but globulin, albuminose, 
peptone, hie mi album! nose, and mucinc may ateo be present i; 
urine under certain conditions. 

What changes may Bernmalbnmin undergo in the urine ? 

It may be changed by alkalies iuto alkali-albumin and by 
stronger acids into acid-albumin, both of which are n<i 
lable on boiling ; if the urine iB alkaline from ammonia or otlier 
alkalies it has to be neutralized and rendered slightly acid. 

Which are the two most reliable tests for detecting albumin in 
urine? 
Boiling and the contact method with IIXCJ,. 
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How is the boiling test performed! 

if urine is not add render it bo with a drop or two of acetic 
add (if too much acid is added. uncoagulable acid-albumiu is 
formed). Heat the upper portion of the urine in the test-tube, 
so as to have two strata for comparison, and if at or near the 
boiling-point acoagulum or turUility results, albumin is present. 

What ii the contact method i Heller "ii, and how applied T 

It is a ready and accurate method for bedside testing, and 
very reliable. Put a small quantity of urine into a test-tube, 
and, after inclining the latter, carefully pour in a little nitric 
acid so that there will be two distinct layers ; if albumin is pre- 
sent there will be a cloudy zone between the acid and the urine. 
How may this reaction be simulated T 

If the patient has been taking copaiba, which, however, will 
Ifecome apparent by its odor. 

How may the quantity of alhnmin in urine be approximately 
expressed for clinical purposes ? 
By the proportion of the bulk of precipitated albumin after 
standing for 24 hours to the total volume of the fluid employed, 
as. for instance, { or fa albuminous layer, etc. 

How much albumin is usually in-the urine of albuminuria, and 
what is the greatest amount that can be in itt 

It is rarely present in more than fa-i per cent., but may rise 
to 1 and even 4 per cent. 

How is the quantity of albumin in the urine approximately de- 
termined with Esbach's albummometer t 

By precipitating it with acidulated solution of picric acid in 
a graduated tube which indicates the relation of the volume of 
its precipitate to dry albumin, as follows : fill the tube to TJ with 
Hie urine and add picric acid solution to R, let stand for 24 hours, 
after which read oft' according to the graduation the amount of 
dry albumin contained in a liter of urine. 

What may give rise to the presence of albumin in urine t 

Renal disease, characterized by the presence of casts, also blood 
or pus from some part of the uropoutic apparatus. 
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Are traces of albumin in urine always indicative of renal lesions? 
No, unless casts are also found. 

How are blood and pus best detected in the urine? 

By the characteristic appearand.' of their corpuscles under the 
microscope. 

How do albuminoids split up in peptic digestion? 

They are considered to contain a hemi-and anti-group, the 
former splitting up into antialbuinose and antipeptone, the latter 
into hemialbumosi; and lu-inipcptonc. 

What is peptone, and its destination ? 

It is a soluble albuminoid, uoucoagulable by heat or nitric 
acid, resulting in consequence of peptic digestion ; it is intended 
to be reconverted by the function of the liver iutoscrumalbumin, 
If this is not accomplished it may circulate as such and be ex- 
creted by the kidneys without i-;iusini: serious trouble to health. 
If it is excreted in large quanlkk-s it causes peptonuria, detected 
by overlaying Fehling's solution with urine, when a roseate color 
will appear on the line of contact. 

What is mucin ? 

A substance resembling albuminoid!*, hut containing no sul- 
phur ; it is a product of the mucous membranes, precipitated by 
dilute HNO ;1 but not by strong. It is not coagulated by beat, 
soluble in alkalies, but precipitated by acid* ; from urine coi 
taming it in solution it is precipitated best by acetic acid. 

Which are the principal globulins, and what do they form? 

The metaglobuliu or fibrinogen and the paraglobulin or 
fibrinoplastin ; they form in the presence of fibrin ferment the 
coagulated albuminoid fibrin. 

What is Ebrin ? 

A white elastic substance, which separates from blood 
standing but does not pre-exist as such in it. 

What is alkali albumin ? 

A modification of albumin produced by the action of alkalies 
on solutions of albumin ; it is present iu the blood, chyle, mua- 
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cles, etc. ; it is uncoagulable by boiling and 

What is acid albumin 1 

Syniouiii, albumose, or para peptone ; it is obtained when » 
tions of albumin are treated with adds, and is not e 
by boiling. 

What is casein ? 

An albuminoid found in milk resembling alkali albumin li 
containing sulphur ; it ia not coagulated by boiling but precipi 
tated from its solutions by rennet and acids. 

What is gelatin, and how obtained? 

Gelatin is the collagen of white connective tissue ; it is amor- 
phous, translucent, yellowish, almost colorless and tasteless, 
swells up in cold and dissolves in hoi water, cooling into a jollv. 
It is insoluble in alcohol and ether but soluble In glycerin ; it is 
precipitated from its solutions by tannin but not by alum. It 
is obtained from bones, tcmbiiis, etc., the collagen of which is 
by boiling with water converted into gelatin. 



Coloring Bodies. 

How may the soluble pigments of the body be regarded as form- 
ing? 

Originally from the blood coloring matter, haemoglobin, chang- 
ing to hremat'm and btemotoidin, this to the biliary pigments 
bilirubin and biiiverdh), while the hydrobilirubin of the fs 
may be considered identical with the urobilin of the urine. 

What is heemoglobin ? 

Hiemato-globulin, ha: ma to crystal tin, cruorin, or erythi 
rin, is a crystalline substance of complex composition contai 
ing all the elements of albumin plus iron. 

Where is it found ? 

In the red corpuscles of the blood. 

Describe its properties. 
It is a crystalline solid, not diffusible, of red color, capable 
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existing in Iwo modifications, as oxyhemoglobin and reduced 
hemoglobin or hemoglobin ; the former being scarle.t-red and 
the latter purplish. It is soluble in water aud alkaline solu- 
tions, anii insoluble in alcohol and ether. 

How can oxyhemoglobin and reduced hemoglobin be distin- 
guished ? 
By the spectroscope ; the absorption spectrum of the former 
exhibiting two bands, in D and E, while the latter shows one 
band between JJ and E. 

When and how do the changes in haemoglobin take place ? 

The oxyhemoglobin in flic tissues gives oil' some of its oxygen, 
and forms haemoglobin, which in the lungs takes up oxygen, and 
again forms oxyhemoglobin. 

What is the function of hemoglobin ? 
To carry oxygen to the tissues. 

How is oxyhemoglobin changed in watery solution t 

Into luethiemoglobin, another modification, recognized by its 
absorption spectrum, which exhibits a bind between and D 
and two more, a larger and a smaller, between I) and E. 

When hemoglobin is treated with dilute acids or alkalies vnat 
results * 
It is decomposed into globiu or globulin aud a ferruginous 
pigment hsematin. This, according to its acid or alkaline state, 
gives two different spectra, of which the acid hsematin exhibits 
two hands, oue between C and D, and a larger one between D 
and E; the alkaline hfeinnlhi exhibits one band only, between 
C and D and closer to the latter. Reduced bajmoglobin treated 
as the former produces reduced ha?matin, recognized by two 
bands, one between D and E, and another to the right of E. 

What effect has carbon monoxide on hemoglobin ? 

It produces carbonic oxide hie /.!ol>in, recognized by exhib- 
iting two bands iu the spectrum similarly situated as those of 
oxyhemoglobin, but the right is narrower than that of the latter. 
Carbonic oxide brcmoglohin besides is a stable compound, and 
cannot be reduced as the oxy-modiliealion. 
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How can haemoglobin be recognized ? 

By the ozone test, which is applied by adding to the suspected 
liquid a few drops of fresh tincture of guaiacum, giving it a milky- 
white color ; upon adding to this, and shaking it with a little old 
spirits of turpentine or ethereal solution of hydrogen peroxide, 
an indigo-blue color is developed if haemoglobin is present ; this 
may be equally as well applied to dry-blood stains. 

Which is the best test for haemoglobin? 

The hseniin test. This cousists of taking some of the suspected 
liquid, coagulating it by boiling with a drop of acetic acid ; the 
coagulum after drying is mixed in a minute proportion with a 
trifle of sodium chloride on a microscopic slide, a drop or two of 
glacial acid is then added, and it is brought to the boiling-point, 
when upon cooling there will be seen under the microscope char- 
acteristic purplish or brownish-red rhombic prisms or plates of 
hsemin or hsematin hydrochloride (Teichmann's crystals). 

Under what two conditions may haemoglobin appear in the 
urine? 
In hematuria and hemoglobinuria. 

What is heematuria ? 

The pathological condition characterized by the presence of 
blood corpuscles in the urine. 

What is haemoglobinuria ? 

The pathological condition characterized by the presence of 
haemoglobin in solution in the urine without having corpuscular 
form. 

Hsmatoidin, what is it? 

Yellow crystals occurring in old extravasations ; its formula is 
C S0 H 34 N 4 O 6 , which makes it homologous with bilirubin, though 
they differ spectroscopically. 

Which are the two principal biliary pigments? 
Bilirubin and biliverdin. 

How is bilirubin supposed to be derived from hsematin ? 
By combining with water as follows : — 

3(C 32 H H6 N 4 Fe0 6 ) + 3H 2 0=6(C„H 18 N A) + 3FeO. 

HsemtLtln. Bilirubin. 



What is bilirubin? 

The principal coloring matter of thy bile. 

What is biliverdin? 

A modification, or rather an oxidized product of bilirubin, 
forming spontaneously when alkaline solutions of bilirubin 
arc exposed. 
How are the biliary pigments recognized? 

By Gmelin'e test. 
Describe Gmelin's test. 

Add nitric acid to the suspected liquid, and If biliary pigments 
are present a green precipitate will form, which, on addition of 
more acid, gives rise to a play of colors from green, blue, violet, 
and red to yellow ; this is best shown if a few drops of bile or 
liquor containing it and nitric acid are allowed to tlow together 
on n porcelain plate when the colors will appear at the line of 
contact. 
Which is the principal urinary pigment ? 

Urobilin, C., v II„N,0 ; , identical in composition with hydro- 
bilirubin, the niodilicd bilinry pigment in the feces. 

What is the indican of the urine ? 

A yellowish pigment, sometimes called uroxanthin, contained 
in some urines ; with HCl it turns reddish-blue or blue from the 
formation of indigo ; chemically it is an mritixyl-pohigsium sul- 
phate, and originates from the indol of the feces. 

Which pigment gives urine the brownish-black color of certain 
pathological conditions? 
Uromelatihi, a black mli.ri nobody foi-i-i's.pogidiii"; to the choroi- 
dal pigment and that of melanotic tumors. 
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WeiglUs and Measure*. 




METRIC AND ENGLISH WEIGHTS. 




1 milligram — <MXhl gram. — 0.01S gr. Troy, lgralnTroy, 


m 0,0049 


luenligram -0.01 " — 0.154" " 1 dracom Troy, 






— St .10* 


lgr.m — — 13.434 ire. " 1 » Br. P. 




1 decagram — 10 gram! — 164.34 " " 1 " ATOlrd. 


- 2&33 


1 hi'ctr>|iritlu — 100 " = B.63 OlS. " l|ioiiodTruv.12u 




I kilogram -1000 " - S5.27 " " 1 " Avoird. 


-413.6 


METRIC AND ENGLISH MEASURES. 




1 mllliinetro- 0,001 mi-Ire - O.Oil»37 inch. 1 Inch — 


0.0254 n 


1 centimetre - 0.01 " = 0.8037 " 1 foot - 




1 decimetre - 0,1 " - 3.037 inches. 1 yard - 


0.9144 


1 metre - - 30.3704 " 1 rod — 




1 decsroctre — 10 metres - 32 ft. 9.7 " t furlong - 


201.1662 


1 hectometre =100 " - .12* " 1 Inch. 1 mile = 


momsh 


1 kilometre -1000 ■ - 3280 " 10.4 Inches. 




METRIC AND APOTHECARIES' FLUID MEASURES. 


Irallimtrt.ciihir centimetre 




orC.C -Oiilllltre- lli.2.1 minims. 1 minim 


- 0.081 


1 ■■■..' Hire - 001 " — 2.71 flulddrschrus. 1 fluiddrnch 


n — 3.7 


) decilitre -0.1 " - 8.38 fluidounees. 1 fliiidouuc 


= 29.6 


1 litre - — 33.81 nnldounon. 1 [>lnt 




i.i.-aiiTP - io litres- 2.6417 galls. 1 quart 




J hectolitre- 100 '• — 20.417 " 1 gallon 




I kilolitre - 1000 " -264.17 





Rules for Cohvicrtins Apothecaries' into Metric 
Weights and Measures approximately. 

(According; to Olilherg.) 

]. To estpresa (]ii[mlities !>y wight "f the Apothecaries' system 
metrio terms, or to write miilical prescript ions in metric weights;. 

Rums A. Reduce each quantity (n grains ; then divide tlio number 
liy 1(1 (or move 11m decimal point one place to the left), Bud from the 
quotient suhtract one-third. Tin' remainder is in each case the mini- 
her of grains repp willing (nearly ) I tie same <|ii;Liitity. Or, 
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Rule B. Reduce each quantity to drachms, and multiply the num- 
ber by 4. The product is in each case the number of grams repre- 
senting (nearly) the same quantity. Or, 

Rule C. Reduce each quantity to ounces, and multiply the number 
by 32. The product is in each case the number of grams representing 
(nearly) the same quantity. 

2. To express quantities by measure of the Apothecaries' system 
in metric terms, or to write medical prescriptions in metric cubic 
measures. 

Rule D. Reduce each quantity to minims ; then divide the number 
by 10 (or move the decimal point one place to the left), and from the 
quotient subtract one-third. The remainder is in each case the num- 
ber of cubic centimetres representing (nearly) the same quantity. Or, 

Rule E. Reduce each quantity to fluiddrachms, and multiply the 
number by 4. The product is in each case the number of cubic centi- 
metres representing (nearly) the same quantity. Or, 

Rule F. Reduce each quantity to fluidounces, and multiply the 
number by 32. The product is in each case the number of cubic 
centimetres representing (nearly) the same quantity. 
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Table of EqmkaUnts of Ontigradt amd FakmAJt 
Thermomdrie Scab*. 
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Rules for Coxvertino Centigrade into Fahkenii 

(1> lo stud for the degree to be irattns 
If above the freezing point of water, 32° F. (0° C), — X 9 + 32. 

If below freezing, bat above 0° F.(— 17.77° C), 32— ( — ) 

If below 0° F. (—17.77° C.) — (- )- 

v sx«' 
Rules for Converting Fahrenheit into Centigrade. 

(D 32) 

If above ibe freezing point of waier, 32° F. (0° C), : - > 

If below freezing, bnt above 0° F. (—17.77° C.) — x 5. 

(D+32) 



pr0°F. (-17.77° C.) 



-X5. 
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ACETALDEHYDE, 159 
Acetic ether, 157 
Acid, acetic, 161 

glacial, 162 
albumin, 202 
amido-acetlc, 185 
amido-caproic, 186 
arsenic, 81 
arsenious, 81 
benzoic, 173 
boric, 89 
buytric, 162 
camphoric, 169 
carbolic, 171 
carbonic, 92 
caproic, 162 
cholic, 185 
citric, 167 
cyanic, 97 
formic, 161 
gallic, 184 
gallotannic, 184 
glycocholic, 185 
hippuric, 174 
hydriodic, 66 
hydrobromic, 65 
hydrochloric, 62 
hydrocyanic, 96 
hydrofluoric, 66 
hypophosphoroue, 79 
hyposulphurous, 71 
lactic, 167 
meconic, 194 
metaborlc, 89 
metaphosphoric, 79 
nitric, 75, 76 
nitro-hydrochiorlc, 76 
oleic, 163 

orthophosphoric, 79 
oxalic, 166 
palmitic, 162 
phosphoric, 79 
phosphorous, 79 
picric, 172 



Acid, pyrophosphoric, 79 

salicylic, 174 

stearic, 163 

sulphocyanic, 97 

sulphuric, 70 

Nordhausen, 72 

sulphurous, 70 

tartaric, 167 

taurocholic, 185 

tetraboric, 89 

uric, 190 

valerianic, 162 
Acidimetry, 63 
Acids, 44, 45 

corrosive, 63 
Aconitine, 197 
Albuminoids, 198 
Alcohols, 151 
Alcoholic beverages, 155 
Aldehydes, 159 
Alkali albumin, 201 
Alkalimetry, 100 
Alkaline phosphates, separation 

from urine, 114 
Alkaloids, 191 
Aluminium, 133 

hydrate, 188 

oxide, 133 
Alums, 134 
Amido-acids, 185 
Ammonia, 74 

type, 46 
Ammonium, 109 

chloride, 110 

carbonates, 111 

cyanate, 97 

hydrate, 110 

hydrosulphide, 110 

iodide, 110 

nitrate, 110 

nitrite, 110 

sulphate, 110 

valerianate, 162 
Amidogen, 185 
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Amides, 4iS. 18ft 
Amines. 4*5. 185 
Ampere, 35 



Amyzdalixu 183 

AmyL nitrate, 138 

A my lose, 175 

Analysis. % 

Aniline. 170 

Anion*. 3!* 

Ano»Ie. 31 

An&tie s test for alcon*:^ 154 

Anthracite. 91 

Antidote for arsenic. 131? 

Anrimou. et pota*. tart.. 88 

Antimoniiun saIpaaratum T 88 

Antimony, 87 

sulphide, 88 

trichloride. 88 

trioxide. 88 
Aqaa imm'joiz. 110 
Aqua. Tofani. 81 
Archimedes, law of, 19 
Areola. 109 
Armature, 27 
Aromatic group, 160 
Ar>eniates, 81 
Arsenic, 80 

daulphfde. 81 

pentaitulphide. 81 

pentoxiiJe, 81 

trfbromide. 81 

trichloride. 81 

trWodide. 81 

trfoxide, 81 

trfsulpiiide, 81 
Arsenites. 81 
Artiads, 42 
Atmosphere, 72 

vitiation of y 36 

AtOm,4A 

Atomic weight, 41 
Atoms, linking, 44 
Atropine. 1S»5 
Auric chloride. 145 
Anrous chloride. 145 
Axis, magnetic, 25 



BALANCES, chemical. 18 
Barium. 115 
*:hbtri*lK. 115 
hydrate. 115 

nitrate , 115 



BhiuuiL. oxide. 115 
Barometers. 73 
Bases. 44,45 
Booery, nucnetK, 27 
BervmliVnyde. 174 
Benaene. 1*» 
Benzrl hxdrate. 173 
BenxvLo: alcohol, 173 
BOiarr acids. 1*5 
Bilirubin. 2M4 
Bilrrenira, 21)5 
Bfematb. I£* 

bromide. 143 

chloride. 143 

ii^iiiie. t-ti 

nitrate. 144 

oxychloride. 1-K 

saoearhooate. 144 

subiodide. 143 m 

sufonitrate. 144 

trioxide. 143 
Bismuths I. 143 
Bituminous coal, 91 
B»ettucer * test for glucose. 143, 180 
Boilnur test for albumin T 200 
Borax' 89 
Boron. 89 
Bromethane. 151 
Bromine, 65 

oxAiw of. «5 
Brommethane, 149 
Bromorbrm. 130 
Braeine. 196 

Butxric fermentation. 154 
Butter, 165 

of antimony, 88 
Butterin. 166 
Bunsen's element, 33 



JtALCICM, III 
v. bromide. 112 
carbonate. 114 

chloride. 112 
fluoride. 112 
hydrate. 112 
hypochlorite, 64 
iodide. 112 
oxide. Ill 
phosphates. 113 
sulphate. 113 

Cal land's element. 33 

Calomel. 128 

Calorie. 21 
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Calx sulphurata, 113 
Camphor, 168 
Cane sugar, 178 
Caoutchouc, 168 
Carbamide, 187 
Carbohydrate*, 175 
Carbon, 90 

dioxide, 01 

dlsulphide, 05 

monoxide, 01 , 01 

skeleton, 147 
Carbonic oxide haemoglobin, 203 
Catein, 204 
Cast-iron, 135 
Catechol, 173 
Charcoal, 00 
Celluloid, 176 
Celluloses, 175 
Chemlsm, 40 
Chemistry, 40 
Chloral, 150 

hydrate, 160 
Chlorethane, 151 
Chlorides in water, determination 

of, 58 
Chlorinated lime, 112 
Chlorine, 61 

oxvaclds of, 64 
Chloroform, 150 
Cholesterin, 174 
Chromic acid, 140 

oxide, 140 
Chromium, 140 

trioxide, 140 
Chyluria, 165 
Clnchontdlne, 103 
Cinehoninc, 103 
Colloids, 137 
Collodium, 176 
Coloring bodies, 202 
Conductors, 28 
Confine, 103 
Compound ethers, 157 
Copper, 124 

acetates, 126 

alloys, 124 

ammonio-sulphate, 125 

arsenlte, 125 

carbonate, 126 

chlorides, 125 

nitrate, 125 

sulphate, 125 

sulphide, 125 



Correction of gases for pressure and 

temperature, 73 
Corrosive sublimate, 129 
Cream of tartar, 103, 167 
Creatine, 186 
Creatinine, 186 
Crystallization, system of, 67 
Crystalloids, 137 
Cupric hydrate, 124 

oxide, 125 
CuprouB oxide, 124 
Current, electric, 34 
Cyanogen, 95 

gas, 95 



DANIELL'8 element, 32 
Declination, magnetic, of needle, 
26 
Davy's safety lamp, 148 
Determination of chlorides, 105 
Determination of organic matter in 

water, 58 
Determination of phosphoric acid in 

urine, 114 
Determination of sulphates in urine, 

107 
Dextrin, 177 
Diamagnetism, 27 
Dialysate, 137 
Dlalyzed Iron, 137 
Diamond, 00 
Diastase, 153 
Dichlorethane, 151 
Dichlormethane, 149 
Dicyanogen, 05 
Diffusatc, 187 
Digital in, 184 

Direction of galvanic current, 31 
Distillation, 56 
Donovan's solution, 82 



EARTHY phosphates, separation 
from urine.113 
Eggalbumen, 199 
Electric light, 36 
machines, 20 
Electricity, resinous, 28 

vitreous, 28 
Electro-chemical character of atoms, 

41 
Electro-magnetism, 36 
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Elcetrolvsi*. 38 


Fossil co*J, 91 


Electrolyte*, 3» 


Fowler's method for determining 


Electrometer, 30 


urea, 187 


Electromotive force, 3* 


Fowler's elation, 83 


series. 34 


Franklin ism, 28 


Electrophorns, 29 




Elect roacope, 28 




Element*, 40 


pALES A, 110 

\J Galvanic batteries, 33 


classification of, 48 


Equation a, chemical, 42 


elements, 32 


Equivalence, 41 


Galvanism, 31 


Es bach's method for determining 


Galrano-cautery, 36 


albumin in urine, 200 


Gal manometer, 36 


Esters, 157 


Gas carbon, 91 


Ethane, 148 


Gelatin. 203 


Ether*, IBB 


Glou.98 


Elhvlic alcohol, 153 


Globulins. 201 


Ethyl aldehyde, 159 


Glucose, 179 




Glucoses, 173 


-i,l pi. uric a.-i.l. 156 


Olu, ■.-;.].■■. 1SS 


Ethylic ether, 156 


Glycerin, 163 


Extract of malt, 153 


Glyeocol, 185 




Glycogen, 177 
Glycol. 166 


pARADISM, 37 
f FaU, 158, 164 


Gmelin's test, 205 


Gold, 144 


Peblmg's solution, 180 


Gram, 18 


teat, 180 


Graphite, 90 


fermentation, 153 


G rarity. *[>ecific, 19 


Ferments, 152 


G re net cell, 33 


Ferric chloride, 138 


Grove's clement, 33 


fcrrocyanidc, 139 


Gnms, 177 


hydrate, 84, 136 


Gutta percha, 168 


nitrate, 139 


Gypsum, 113 


oxide, 138 




sulphates, 139 




Ferronn mid ferric compounds, 136 
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bromide, 138 


carbonate, 139 


niematuria, 204 


chloride, 138 


H. in. in lest, SO* 


iodide, 138 


Hsmoelobio, 203 


ferric oxide, 138 


Hemoglobinuria, 204 
Hiiiin-"' leu (or glucose, 180 


hydrate, 136 


oiide, 138 


Halogens, 60 


phosphate, 139 


Heat, 20 


sulphate, 138 


Intent, 22 


sulphide, 69, 138 


specific, 21 


Fibrin, 201 


!Mh-i-V test for albamtn, 900 


Flru-damp, 148 


Homologous series, 146 


Fleitmann's test, 85 


llnmi'l lupine, 197 


Fluorine, 6fi 


Hydracids, 45 


Formula, chemical, 43 


Hvdrates, 4.5 


Formulas empyrlcal, rational, gra- 


Hylrobillrubin, 205 


phic, 43 


Hydrocarbons, 01, 146 
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Hydrogen, 50 

antimonide, 87 

arsenide, 80 

peroxide, 60 

sulphide, 68 
Hydrometers, 20 
Hydroquinone, 173 
Hydroxides, 45 

INCLINATION of magnetic needle, 
26 
Indican, 205 

Indoxyl-potassium sulphate, 205 
Induced current, 37 
Induction, electric, 29 

magnetic, 25 
Insulators, 28 
Intensity of current, 35 
Iodine, 66 
Iodoethane, 151 
Iodoform, 150 
Iodomethane, 149 
Iron, 135 

by hydrogen, 135 
Isomerism, 97 



JOHNSON'S picric acid test for 
glucose, 181 



KATHIONS, 39 
Kathode, 31 
Kermes mineral, 88 
Knop's solution, 189 



LABARRAQUE'S solution, 64 
Lactic fermentation, 153 
Lactose, 178 
Laevulose, 178 
Lampblack, 90 
Laughing gas, 74 
Law of conductivity, 28 

of electric attraction, 29 

of magnetic attraction, 26 
Lead, 119 

acetate, 121 

carbonate, 122 

chloride, 121 

chromate, 121 

hydrate, 120 

in water, testing for, 59 

iodide, 121 



Lead, nitrate, 121 

oxides, 120 

subacetate, 122 

sulphate, 121 

sulphide, 121 
Lecithin, 166 
Leclanche* element, 33 
Leucine, 186 
Leucomaines, 197 
Leyden jar, 30 
Liebig's method for determining 

urea, 188 
Lime, 111 

chloride of, 64 

chlorinated, 64 

slaked, 112 

water, 112 
Lines, neutral, 25 
Liquid alkaloids, 192 
Liquor acidi arseniosi, 82 

arsenic! et hydrarg. iodid., 82 

potassaB, 100 

potass, arsenit., 82 

sodaB, 104 

sodii arseniatis, 82 
Lithium, 109 

bromide, 109 

carbonate, 109 
Liter, 17 
Loadstone, 25 



MAGNESIA, 116 
Magnesium, 116 
carbonates, 117 
chloride, 117 
hydrate, 117 
oxide, 116 
phosphates, 117 
sulphate, 117 
Manganese, 134 
dioxide, 135 
Manganous sulphate, 135 
Magnetism, 25 

hypothesis of, 26 
Magnets, temporary, 25 
Marsh's test, 86 
Menthol, 169 
Mercuric chloride, 128 
iodide, 129 
nitrate, 130 
oxide, 128 
sulphide, 130 
Mercurous chloride, 128 
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Mercurous iodide, 120 


AHM, SS 

\J Ohm's law, a 1 ! 


nitrate, 130 


oxide, 128 


Oil of turpentine, IBS 


sulphide, i:S0 


Oleates, 163 


Mercury, 137 


Olofliis, 166 


nmmoniated, 139 


Olein, 1(11 


Mercury, cyanide, 130 


OLoimirgarin, 16(1 


Metals, 48 


Opium alkaloids, 193 


Metamerism, 97 


Oi'iriimc nmi. t.i- in wilier, 57 


Methane, 147 


Organized ferments, 152 


Methyl, 149 


Orpiment, HI 


alcohol, 151 


Oxidation, 08 


aldehyde, 109 


Oxides, 53 


hydrate, 151 


of chlorine, 64 


salicylate, 158 


Oxy acids, 45 


Methylic ileobol, 151 


Oxygen, 53 


Metre, 17 


Oxvlia^iiioirlohtii, 803 


Milk, Kir, 


(KvlivdrcL'.-n Haute, SS 


Minium, 131 


Ozone, 54" 


Mixed Where, 1ST 




Molecular weight, 47, 48 




Molecule, 88, 40 


PAT.MTTIN, 164 
L Panereatfn, 153 


CDTiilitit.il of, 28 


Molecules, binary, 43 


Paraffin, 149 


naming of, 43, 44 


Paraffins, 146 


ternary, 43, 44 


l'.i::i|.l.liyde, 159 


Monobasic acids, 101 


I'ai'iiiiiikU'netisin, 27 


Moore's test for glucose, ISO 


Parch hi on l paper, 17fi 


Morphine, 193 


Paris uit.'H, »i, 136 


Mucin, 301 


Pepsin, 153 


Murexide test, 191 


Peptone, 301 




Perlssads, 43 




Petroleum, 148 


XTAPKTHALENE, 174 
11 Naphthols, 175 


Pettcnkofer's test for billury acldl, 


186 


Nascent state, 61 


Phenol, 171 


Needles, astatic, 37 


Phenyl, 169 


Niekel, 140 


hydrate, 171 


Nlckclous bromide, 140 


Phosphates, normal, neutral, and 


Nicotine, 193 


acid, 79 


Nitrates in water, 59 


Phosphtne, 78 


Nitrobenzene, 170 


Phosphorus, 78 


Nitmgen, 72 


oxides or, 78 


dioxide, 75 


red, 76 


monoxide, 74 


1'Uiiiiic chloride, 145 


oxides of, 74 


Platinum, 145 


pentoxide, 75 


Polarization, 182 


letroxfde. 75 


of plates, 33 


trioxtde, 75 


Pules, magnetic, 35 


Nitroglycerin, 164 


Polymerism, 97 


Nitrous ether, 157 


Potassium, 119 


Non-conductors, 98 


acetate, 103 


metals, 48 


acid sulphate, 193 


Notation, chemical, 40, 48 


tartrate, 103, 167 
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Potassium , bicarbonate, 103 

bromate, 101 

bromide, 101 

carbonate, 103 

chlorate, 102 

chloride, 101 

chromate, 102, 140 

citrate, 103 

cyanide, 101 

dichromate, 102, 141 

ferricyanide, 98 

ferrocyanide, 98 

fluoride, 101 

hydrate, 101 

hypochlorite, 102 

iodide, 101 

nitrate, 102 

oxalate, 103, 166 

permanganate, 102, 135 

silicate, 98 

sulphate, 102 

sulphide, 101 

sulphocyanide, 97 

tartrate, 103 
Potential, 34 
Proteids, 198 
Prussian blue, 98, 139 
Ptyalin, 152 
Ptomaines, 197 
Purification of water, 59 
Pyknometer, 19 
Pyrocatechln, 173 
Pyroxilin, 176 



QUANTITY of current, 36 
Quinidine, 193 
Quinine, 193 



RADICALS, compound, 44 
Rain-water, 56 

Realgar. 81 

Reinsctrs test, 85 

Resistances, electric, 35 

Resorcin, 173 

River- water, 57 

Roberts 1 method for determining 
sugar in urine, 182 

Rochelle salt, 108 

Ruhmkorff coil, 37 

Russell and West's method for de- 
termining urea, 188 



SACCHAROSES, 175 
Saliein, 184 
Salts, 44, 45 

normal acid, basic, double, 46 

of lemon, 166 
Saltpetre, 102 
Saponification, 164 
Saturated hydrocarbons, 146 
Scales, thermometric, 23 
Schcele's green, 82, 126 
Serumalbumin, 199 
Sewage in water, 57, 58 
Silicon, 98 
Silicic oxide, 98 
Silver, 132 

chloride, 132 

monoxide, 132 

nitrate, 132 

sulphide, 132 
Smee's element, 33 
Soaps, 164 
Sodium, 104 

bicarbonate, 108 

bromate, 106 

bromide, 106 

carbonate, 108 

chlorate, 106 

chloride, 105 

hydrate, 104 

hypochlorite, 64, 106 

hyposulphite, 71 

iodate, 106 

iodide, 106 

phosphates, 107 

potassium tartrate, 108, 167 

silicate, 98 

sulphate, 106 

sulphite, 107 

sulphocyanide, 97 

urate, 190 
Soluble ferments, 152 
Spring-water, 56 
Staa8-Otto, method for extracting 

alkaloids, 192 
Stannic chloride, 142 

oxide, 142 
Stannous chloride, 142 

oxide, 142 
Starch, 177 
Stearin, 164 
Steel, 135- 
Stibine, 47 
Stoichiometry, 47 
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Strychnine, 194 


[hat, M 


Sublimation, 56 


nitrate, 187 


Substituted ammoofas, 185 


oxalate, UH 


Substitution compounds of bydro- 


Urino meters, 30 


carbons, 149 


Urobilin, 205 


Sulphides, 69 


Lrr.tnilinin, 205 


Sulphur, 67 




dioxide, 09 




oride* of, 6» 




trioxide, 70 


T7EKDIGR13, 126 
V Vermilion, 130 


Symbol*, 41 


Synthesis, 55 


Vinegar, 162 


Syrupus calds, 112 


Volatile fatty acids, 161 




Volt, 34 




Volumetric solutions, 03 


rTIANNIN, 184 

1 Tartar emetic, 88 






Tauriu, 186 


WATER, 56 
YV Water, alkaline, 60 


Tension, electric, 34 


Terebenthene, 168 


carbonated, 60 


Terpenea, 168 


chalybeate, 60 


Terpine hydrate, 168 


composition of, 55 


Teat for arsenic in substance, 84 


hard, 56 


Mltscherlich'fi for phosphorus. 


permanently bard, 56 


78 


potable, 56 


sodium chloride in urine, 




105 




Tests for lead, 133 


sulphur, 60 


Thermoelectricity, 30 


temporary hard, 56 


Therm omete re, 30, 33 


Watertype, 45 


Therm oscope, 22 


Weight, 17 


Tin, 141 


absolute, 17 


Tolnene, 173 


apparent, 17 


Tri-broramcthacie, 150 


metric, 17 


Triehioraldehyde, 159 


specific, 17 


Triehlormethaue, 149 


Well water, 57 


Tri-iodomethaue, 150 


White precipitate, 129 
Wrought iron, 135 


Tri nitroglycerin, 163 


Triuttrophenol, 173 




Triple-phosphate, 117 




Tromtuer's test for glucose, 180 


YANTHOPROTERIC reaction, 
A 199 


Turubull's bine, 98 


Turpentiues, 108 




Tyrosine, 186 






7INC, 118 

11 Zinc chloride, 118 




TTNSATDRATED hydrocarbons, 


hydrate, 118 


oxide, 118 


Uranium, 141 


sulphide, 119 


acetate, 141 


sulphate, 119 


citrate, 141 
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